








CONTENTS OF PREVIOUS NUMBERS 





MAY, 1924. NUMBER 5 


o Time 


JUNE, ri 


Study of Mixed Leuk 
Rudolph ©. Logefel,” uD. 


yy aa 


he gt New York. KS: 


Cat's Hi — i Penraet oie 


and Guy Wells, 
"s Sa 


a Unique 
ae A © Mic D: Sianford iiere MLD. and 
The t Hi and Nature of Gaucher’s D 
Macintosh pa, O.. and D. S. 
Usher i by" Cataes Car vrile Cleans alonephritis. Louis 


“T yi ae and as aS 
“—"° asa 
of Liver Disease and Intoxications. 


An Anatomic and Chemical Psport 


rancis 
Har M.D., Christiania, Norway. 
‘veatment for Edema. Reed Rock- 
see M.D. ead 


Barrier, M.D., 
Bat Reviews. 


Men ee ee Robert L. Levy, M.D., 
in the ptoms of 





Toxic Goiter Ray Treatment 
and Rest. Margarete Kunde, Ph.D., 
The Human Thorax Considered as a Resonator. 
G. E. Bushnell, M.D., Pasadena, Calif. 
Book Reviews. 
NUMBER 1 
lcifieation of tie Heart: Its Pocgrnaelog’s 
of 
on Rey terre, moe 
.D., New York. 
Obstruction. 1 











Archives of Internal Medicine 


VOL & AUGUST, 1924 No 2 


THE MECHANISM OF ANGINA PECTORIS 


WILLIAM D. REID, M.D 


NEWTON, MASS 


Although the clinical syndrome, known as angina pectoris, has been 
carefully studied by many observers it seems fair to assert that the 
exact condition of the heart or the sequence of events occurring during 
an anginal attack is unknown. It is true that theories have been 
promulgated, but their very multiplicity is good evidence that there is 
no general agreement in the profession as to the cause of angina pectoris 
lt is my purpose in this paper to offer a conception of angina pectoris 
which seems, may I say, to contain a more satisfactory explanation of 
this dread condition. I hasten to deny that | hold as original all aspects 


of the theory to be presented below. 


DEFINITION 

It is well at this point to pause to define what is meant by the term 
angina pectoris. Typical angina pectoris is characterized ' by parox 
vsmal attacks of pain over the sternum, often radiating to the left 
shoulder and arm, and commonly associated with a sense of impending 
death. The attacks usually follow closely on exertion, physical or 
mental. Considerable variation exists in the intensity of the symptoms ; 
many cases are observed in which the symptoms are not well developed 
or are atypical in their character. With cessation of all exertion the 
attack comes to an end; the quick acting vasodilators commonly bring 
relief. Sudden death is prone to occur. 

THE LEADING THEORIES 

It is necessary, for the purpose of this paper, to refer to but three 

of the leading theories of the cause of angina pectoris. 


1. Coronary.—(a) Sclerosis of the coronary arteries. In 1799, 


Parry and Jenner? first interpreted the clinical syndrome known as 


angina pectoris as due to calcification of the coronary arteries. How- 
ever, sclerosis of the coronary arteries is frequently found on post- 


1. Reid, W. D.: The Heart in Modern Practice, Philadelphia, J. B. Lippin- 
cott Company, 1923, p. 187. 

2. Parry and Jenner: An Inquiry Into the Symptoms of the Syncope 
Anginosa, Commonly Called Angina Pectoris, London, 1799, quoted by Gross, L.: 
The Blood Supply of the Heart, New York, Paul B. Hoeber, 1921, p. 79. 
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mortem exanination of cases in which angina pectoris had not occurred, 
and angina pectoris may occur in patients whose coronaries are proved 
to be free of sclerosis. The explanation of coronary sclerosis has, there- 
fore, been largely abandoned. 

(b>) Claudication of the coronary arteries. Claudication, or spasm 
of the artery, causing a deficiency of the blood supply of the myocardium 
is assumed to take place; an analogy to intermittent claudication in the 
leg is pointed out. This theory is the one generally held by those who 
believe the cause of angina pectoris is to be found in the coronary 
arteries, and who appreciate that to attribute angina pectoris to sclerosis 
of the coronaries is, in the present state of medical knowledge, untenable. 

\t first the theory is plausible, and has received wide acceptance. 
| have been unable, however, to find any real proof of the existence of 
the phenomenon of claudication in the arteries of the heart in spite of 
an extensive search of the literature and the guidance of some well 
qualified observers who believe in this theory. 

In 1909, Wiggers (Am. J]. Physiol. 24: 391 [July 1] 1909.) stated 
that the coronary arteries are supplied with vasomotor nerves. It has 
been demonstrated (J. Physiol. 42: 132 | March 28] 1911.) that epineph- 
rin, though it exerts a constrictor effect on most peripheral arteries, 
causes a dilatation of the coronaries. My study of the literature of 
experimental physiology leads to the belief that the coronary arteries 
are mostly passive as regards their caliber, and whatever vasomotor 
influence they experience is dilator in effect. Since writing the fore- 
going, I find that Prof. W. M. Bayliss in his monograph (The Vaso- 
Motor System, New York, Longmans, Green & Co., 1923, pp. 28 and 62) 
expresses a similar opinion. (For an adequate presentation of the 
arguments against the coronary theories of angina pectoris, the reader 
is referred to the mass of data marshaled by Sir Clifford Allbutt * in his 
book: Diseases of the Arteries, Including Angina Pectoris.) 

2. Aortic —Allbutt has written * very compellingly in favor of this 
theory. In brief, angina pectoris is held to be due to irritation of the 
nerve end plates in the first part of the aorta by the plaques of an 
aortitis, and is especially liable to occur in conditions causing a rise of 
the intra-arterial pressure and subsequent stretching of the investing 
membranes of the root of the aorta. There may be a partial analogy 
to the pain, caused by dragging on the mesentery. The theory has 
gained many adherents, among whom may be numbered that authority 
on the heart, Prof. K. F. Wenkebach of Vienna. 

In my opinion, however, Allbutt gives too little place to the con- 
comitant involvement of the myocardium by the Spirochaeta pallida as 


3. Allbutt, Clifford: New York, The Macmillan Company, 1915; Diagnosis 
and Treatment of Angina Pectoris, Lancet 1:883 (May 5) 1923. 
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well as the aortic wall in syphilis, and also I find that one of the chief 
authorities * he quotes as having shown that there were nerve end plates 
in the first part of the aorta also found them in the heart itself. 

3. Myocardial fatigue-—Mackenzie* frankly states that he ts not 
sure of the cause of angina pectoris, but considers it some sort of heart 


exhaustion and treats on that basis 


rHE SOLUTION OF THE PROBLEM NOT IN PATHOLOGY 

\ngina pectoris is a functional condition just as are the various 
arrhythmias, and heart failure of the congestive type. It is most com 
monly associated with three of the types of heart disease, namely, 
irteriosclerotic heart disease, cardiovascular syphilis (and occasionally 
in other infections of the heart), and hypertensive heart disease. When 
the pathologist examines the heart he finds the changes that occur in 
the respective heart disease with which the anginal syndrome was asso 
ciated. It has proved no more possible to pick out just what lesion ts 
issociated with angina pectoris than it is to determine, on the necropsy 
able, the cause of premature beats which may have been noted by the 
clinician. 

Just as the nature of other functional conditions of the heart has 
heen disclosed by studies on living animals and man, so, it is suggested, 
should be sought the solution of the enigma of angina pectoris. 
Pathology cannot unravel the problem of angina pectoris; let us see 


if physiology, both normal and pathologic, will not serve better 


THE PHYSIOLOGY OF EXERCISI 
lypical angina pectoris is characterized by a close connection with 
exercise, physical or mental. When seized by an attack of angina, the 
victim practically always remains motionless and cessation of activity 
often brings him relief. 

In attempting to put on paper a statement of the circulatory changes 
which take place in exercise one is on somewhat uncertain ground as, 
in spite of extensive studies, the physiologists are not in agreement as to 
the circulatory phenomena associated with exertion. Therefore, we as 
clinicians must tread circumspectly but vet with courage, as along this 
pathway, it would appear, lies the understanding of angina pectoris. 

\We are indebted to the late F. A. Bainbridge’ for the following 
description: “The constriction of the splanchnic vessels, which occurs 
at the very outset of exercise, raises the pressure at which it is sent 

4. Dogiel, A. S.: Die sensiblen Nervenendigungen im Herzen und in den 
Blutgefassen der Saugethiere, Arch. f. micr. Anat. 52:44, 1898 

5. No disparagement is intended by this statement. 

6. Mackenzie, J.: Oxford Med, 2:387, 1920. 

7. Bainbridge, F. A.: The Physiology of Muscular Exercise, New York, 
Longmans, Green & Company, 1919, p. 49. 
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into their blood vessels. The greater flow of blood into the active mus 
cles, thus brought about, allows them at once to send more blood into 
the great veins, and thence to the heart. But the output of the heart 
does not increase during exercise, as Krogh has shown, until time has 
elapsed for this to take place. Hence the machinery, by which the out- 
put of the heart increases during exercise, is set in motion by the purely 
mechanical action of the active muscles, and in this manner the blood 
flow to the muscles, at least so far as this depends on the output of the 
heart, is very largely determined by their own activity. Dilatation of the 
blood vessels in the muscles, so far as it occurs during exercise, will 
allow still more blood to enter these vessels in a given time, and will 
thereby enhance the return of blood to the heart.” 

Hooker's * picture of the events is somewhat as follows. At the 
outset there is a local vascular dilatation in the active muscles, coimcident 
with an expression of blood from the veins. This results in a prompt 
rise of the venous pressure. The consequent transitory fall of the 
arterial pressure level, or an elevation of the temperature of the venous 
blood, is followed by an accelerated heart rate. Finally a compensatory 
vasoconstriction takes place in the great splanchnic area, including the 
portal vein which shunts the blood to the active muscles. There is, as a 
consequence, a venous plethora which expresses itself as a rise of venous 
pressure which continues throughout the period of activity. 

The pressure in the peripheral arteries undergoes changes. It seems 
generally agreed that in normal individuals a rise in the systolic blood 
pressure ° is a constant feature of exercise. The diastolic pressure, 
however, has not received equal attention. In his recently published 
found that 


0 


studies of blood pressure and pulse rate reactions Addis * 
the diastolic pressure level fell during exercise, while excitement caused 
a slight rise. The diastolic pressure is, moreover, distinctly more stable 
than is the systolic level. 

Discussion of the changes in the size of the heart during exercise, 
and the question of whether the increase of its output per minute is 

8. Hooker, D. R.: Effect of Exercise Upon the Venous Blood Pressure, 
Am. J. Physiol. 28:235, 1911. 

9. Bowen, W. P.: Changes in Heart-Rate, Blood-Pressure, and Duration 
of Systole Resulting from Bicycling, Am. J. Physiol. 2:59, 1904. Lowsley, 
O. S.: The Effect of Various Forms of Exercise on Systolic, Diastolic and 
Pulse Pressures and Pulse Rate; ibid. 27:446, 1911. Dawson, P. M.: Effect 
of Training on Blood Pressure in Man; ibid. 50:443, 1919. Dedichen, L.: 
Influence of Physical Effort on the Heart, Acta Med. Scandinav. §3:738 (Jan. 
14) 1921, abstr., J. A. M. A. 76:903 (March 26) 1921. Barringer, T. B., Jr.: 
Principles Underlying the Treatment of Heart Disease by Exercises, J. A. M. A. 
77:7 (July 2) 1921. 

10. Addis, T.: Blood Pressure and Pulse Rate Levels, First Paper, Arch. 
Int. Med. 29:539 (April) 1922; Blood Pressure and Pulse Rate Reactions; 
Second Paper, ibid. 30:240 (Aug.) 1922. 
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achieved by an increase of the heart or output per beat, or both, will be 
waived as not being essential to the purposes of this paper. 

The participation of the nervous system is surely a part of the 
physiology of exercise. Starling '’ writes, “In the quickening of the 
heart, which accompanies bodily exercise, another reflex mechanism 
comes into play, to which attention has been called by Bainbridge. Any 
distention of the right auricle evokes a reflex quickening of the pulse 
rate, chiefly by diminishing the vagus tone but also probably to a less 
extent by reflex stimulation of the reflex accelerator nerves. It thus 
seems that the heart is connected with the heart center in the medulla, 
governing its rate of beat, by two sets of afferent nerves, which are 
stimulated by a rise of pressure within the cavities to which they are 
distributed. Stimulation of one set coming from the arterial end, e. g., 
the left ventricle, causes a reflex slowing of the heart. Stimulation of 
the other set, which are distributed to the venous end of the heart, 
evokes increased frequency of the heart beat. Both these sets of 
impulses are of great importance in correlating the activity of the heart 
and the amplitude of the circulation with the metabolic needs of the body 
as a whole.” 

THE DEPRESSOR NERVE 

Certain phenomena, occurring in the peripheral circulation during 
exercise, more especially the lowering of the diastolic pressure observed 
by Addis,’® appear to be associated with the action of the depressor 
nerve. This nerve receives scant attention in the anatomic textbooks. 
In certain of the lower animals, i. e., the rabbit and the cat, the depressor 
nerve runs as a separate cord but in man it is represented simply by 
some fibers of the vagus trunk. Dogiel,* before mentioned, found its 
endings in the first part of the aorta and in the endocardium and peri- 
cardium, especially of the auricle. Smirnow,’? whose work antedated 
that of Dogiel, reported that the end plates of sensory nerves are 
found in the whole thickness of the endocardium of the auricles and 
their sheaths, less frequently in the ventricular endocardium and in the 
connective tissue of the myocardium. 

If this nerve is divided there is, according to one '* of the earliest 
studies of its function, normally no change in the action of the heart or 
blood pressure ; and the same holds true if its peripheral end is stimu- 
lated. If, on the other hand, its central cut end be stimulated, a marked 
fall in blood pressure and slowing of the heart follow. The former is 


11. Starling, E. H.: Principles of Human Physiology, Ed. 3, Philadelphia, 
Lea & Febiger, 1920, p. 1024. 

12. Smirnow, A.: Ueber die sensiblen Nervenendigungen im Herzen bei 
Amphibien und Saugethiere, Anat. Anz. 10:737 (July 10) 1895. 

13. Ludwig and Cyon: Ber. d. sachsischen Gesellsch. d. Wiss., math. phys 
Cl, p. 319, 1866, quoted by Janeway, T. C.: The Clinical Study of Blood- 
Pressure, New York, D. Appleton and Company, 1907, p. 14. 
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held to be due to an inhibition of the vasomotor center ; the latter, since 
it never occurs after division of the vagi, must be dependent on stimula 
tion of the center for those nerves. Hunt '* writes that the dilatation 
caused by stimulation of the depressor nerve is of greater extent in the 
splanchnic area than in the muscular system. 

Burton-Opitz '* considers the depressor nerve plays an important 
part in varying the resistance in the vascular channels against which 
the heart must act. In his opinion, this reflex lessening of the periph 
eral resistance places the cardiac muscle in a much more favorable 
position to contract without strain. 

Since knowledge of the depressor nerve does not appear to be wide 
spread, it may be helpful to refer briefly to a few other papers which 
deal with or mention the action of this nerve. Koster and Tschermak " 
believe that the depressor reflex has its origin mostly from the arch of 
the aorta. Martin and Stiles? hold that the actual working of the 
depressor nerve is not limited to the inhibition of existing vasocon 
strictor tone. There is an enlisting of vasodilators in the response, and 
a certain share of the loss of pressure is to be referred to this action. 

Stewart,'> in his remarkable work on experimentally produced 
insufficiency of the aortic valve, obtained evidence of the operation of 
the depressor nerve. In fact, he believes that the collapsing type of 
pulse is not due to regurgitation of blood but to a backward pressure 
which in turn excites the depressor nerve reflex. Stewart’s work, I am 
aware, has not obtained general acceptance but it may be pointed out 
that the results of Zollinger’s '’ experiments are largely in agreement 
MacCallum *° has presented experimental data which are not in accord 
with those of Stewart but, since he employed an apparatus in place of 
a living animal, | cannot accept that he has refuted the theory that in 
aortic insufficiency a reflex from the heart to the periphery produces a 
dilatation of the blood vessels. The occurrence of the collapsing type 
of pulse, often fairly well marked, in anemia, fever, hyperthyroidism, 


convalescence, some cases of arteriosclerosis, and in states simply of low 


14. Hunt, Reid: The Fall of Blood-Pressure Resulting from the Stimulation 
of Afferent Nerves, J. Physiol. 18:382, 1895 

15. Burton-Opitz, Russell: A Text-Book of Physiology, Philadelphia, W. B 
Saunders Company, 1920, p. 330, 

16. Koster, G., and Tschermak, A Ueber den Nervus depressor als Reflex- 
nerv der Aorta, Arch. f. d. ges. Physiol. 93:24, 192 

17. Martin, E. G., and Stiles, P. G.: Two Types of Reflex Fall of Blood 
Pressure, Am. J. Physiol, 34:107, 1914 

18. Stewart, H. A Experimental and Clinical Investigation of the Pulse 
and Blood Pressure Changes in Aortic Insufficiency, Arch. Int. Med. 1:102 
(Jan.) 1908 


19. Zollinger, F.: Zur experimentellen Pathologie und Therapie der akuten 
\orteninsuffizienz, Arch. f. Exper. Path. u. Pharmakol. 61:193 (Sept. 30) 1909 
20. MacCallum, W. G.: The Changes in the Circulation in Aortic Insuf 


ficiency, Bull. Johns Hopkins Hosp, 22:197 (July) 1911 
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vasomotor tone is additional evidence that the pulsus celer 1s not neces- 
sarily due to a reflex of blood through the aortic valve. Wiggers * 
considers it due to a backward transmission of pressure. 

In his Harvey Lecture, Muller ** definitely describes the depressot 
nerve reflex, and I note that Mackenzie ** gives credence to the same 


mechanism as the cause of a dilatation of the peripheral stream bed 


STATEMENT OF THE THEORY 

If the foregoing is a fair, though not necessarily complete picture 
of the circulatory changes associated with exercise, perhaps the data 
will enable us to formulate a theory of angina pectoris. 

Evidence has been given that in the circulatory adaptation to exercise 


there is a dilatation of the peripheral stream bed, and that this 1s brought 


y 
1 


about by the cooperation of the nervous system, probably by a retlex 
through the depressor nerve fibers of the vagus. This acts as a prote 

tive mechanism, as it permits the heart to contract without strain 
\ failure of this reflex dilatation of the peripheral arteries is suggested 


is the essential feature of angina pectorts. 


APPLICATION OF THE THEORY 
\ necessary effect of the dilatation of the peripheral vessels is, by 
more rapid drainage of the blood to the periphery, to lessen the resist- 


ince and resulting rise in pressure in the first part of the aorta. If the 


| 
inside the cavity of the left ventricle, as a higher level of intraventricular 


pressure in the start of the aorta is raised this will promptly be felt 


pressure will be required before the aortic valve can be opened and the 
systolic discharge proceed. 

Applying the theory to the three types of heart disease in which the 
clinical syndrome, angina pectoris, is prone to occur, one finds pathologic 
changes of apparent significance. In arteriosclerosis the peripheral 
vessels are known to be less elastic, often much so. Also there are 
degenerative changes in the first part of the aorta and in the myo- 
cardium. In cardiovascular syphilis there are lesions in the aorta and 
likewise in the ventricular muscle. In chronic hypertensive conditions, 
both myocardial and aortic changes occur and, for some unknown reason, 
there is a marked tendency to constriction of the smaller vessels in the 
periphery. 

It is quite conceivable that the pathologic alterations, present in the 
types of heart disease before mentioned, may not only hamper the 


21. Wiggers, C. J.: Modern Aspects of the Circulation in Health and Disease, 
Ed. 2, Philadelphia, Lea & Febiger, 1923, p. 553. 

22. Miller, Friedrich: Nervous Affections of the Heart, Arch. Int. Med. 1: 
1 (Jan.) 1908. 

23. Mackenzie, J., cited by Frowde, Henry: Diseases of the Heart, Ed. 3, 
London, Oxford University Press, 1913, p. 325. 








operation of the retlex for peripheral dilatation but may make the nerve 


end plates in the aorta and heart more sensitive to increased pressure 


Phe combination of these two factors may then give rise to the referred 


pain of angina pectoris 

Phe natomy of the nerve tracts involved in the pam of angina 
pectoris is not the problem of this paper. Mackenzie and others have 
| 1 + 


shown that the pain is of the nature of a referred pain from the lower 


cervical and upper thoracic segments of the spinal cord. Surgeons 
have alreadv been successful in removing the pain of angina, by oper 
tions devised to separate the heart and aorta from the spinal cord 


Reports on the behavior of the blood pressure during an attack of 
angina pectoris are rare. Even if the physician is fortunate enoug! 
to be present it is not always convenient to make blood pressure studies 
n the sufferer. Schmidt *°* states that the blood pressure did not fall. 
Professor Wenckebach,if I recall his words correctly, from his extensive 
wat often the heart during the attack may be noted 
to be pounding loudly and the blood pressure is increased Chat the 
heart should be “pounding loudly” when the blood pressure is raised is 
consistent with the observations ot \Wiggers,*° who finds that the loud 
ness of the first sound 1s related to the intracardiac tension developed 
| 


and 


especially to the tension developed before the semilunar valves open 
\n increase in the intensity of the sound should occur, particularly in 


those cases in which the level of the diastolic pressure is raised 


In three of his cases Levine ** measured the blood pressure befor 
ind during the attack and gives the following figures: first patient, 


before, 140 systolic, 90 diastolic; during, 180 systolic, 120 diastolic 
second patient, before, 110 systolic, 70 diastolic; during, 164 systolic, 
94 diastolic; third patient, before, 162 systolic, 8&8 diastolic; during, 
154 systolic, 78 diastolic. The figures obtained in the first two of these 
cases, especially the increased diastolic pressure, are consistent with the 
theory of angina pectoris presented in this paper, but those in the third 


patient are less easily explained. However, I would point out that 


24. Jonnesco, T Operative Treatment of Angina Pectoris, Bull. de l’Acad 
de méd., Paris 84:93 (Oct. 5) 1920; Presse méd. 29:193 (March 9) 1921: Bull 
de l'Acad. de méd., Paris 86:67 (July 19) 1921; ibid. 86:208 (Oct. 25) 1921; 
Presse méd. 30:353 (April 26) 1922. Coffey, W. B., and Brown, P. K The 
Surgical Treatment of Angina Pectoris, Arch. Int. Med. 31:200 (Feb.) 1923. 
Brown, P. K.: Cervical Sympathectomy for Angina Pectoris: Report of a Case 
with Dextral Radiations of Pain, J. A. M. A. 80:1692 (June 9) 1923. Wencke 
bach, K. F.: Verbal statement at a clinic given at the Seventy-Fourth Annual 
Session of the American Medical Association, San Francisco, June, 1923. 

25. Schmidt, R.: Angina Pectoris, Med. Klin. 18:6 (Jan. 1) 1922; ibid. 18: 
36 (Jan. 8) 1922, abstr. J. A. M. A. 78:930 (March 25) 1922. 

26. Wiggers, C. J.: Factors Determining the Relative Intensity of the Heart 
Sounds in Different Auscultation Areas, Arch. Int. Med. 24:47 ( Nov.) 1919 

27. Levine, S. A.: Angina Pectoris. Some Clinical Considerations, J. A 


M. A. 79:928 (Sept. 16) 1922 
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there was a slight fall in both the systolic and diastolic pressures, and 
Levine found but a slight decrease after giving nitroglycerin four times 
it intervals of but a few minutes each. Addis *> found that when heart 
failure was present the pressure curves showed an unusual degree of 
iniformity in level before and after exercise. It is possible that the 
factor of cardiac insufficiency entered into Levine's third case to the 
extent of altering the expected blood pressure figures More observa- 
tions are needed on the pressure levels in exercise and during anginal 
ittacks before we can speak with conviction on this point 

In the presence of auricular fibrillation attacks of angina pectoris 
ire a rarity. Thus, in 200 cases of auricular fibrillation Levine ** did 
not find a single instance of angina pectoris. This would be in accord- 
ince with the theory that I am suggesting, in that it is notorious that 
when the auricles are fibrillating the blood pressure is poorly main- 
tained (especially when there is a pulse deficit) and hence the nerve end 
plates in the heart and aorta are not subjected to abnormal strain 

The standard therapeutic measure for an attack of angina pectoris 
is the administration of the nitrites, amyl nitrite or nitroglycerin. These 
produce a prompt dilatation of the peripheral vessels and are usually 
successful in relieving the patient. According to Cushney,** this dila 
tation is the result of an action directly on the smooth muscles of the 
blood vessels. 

Sudden death is known to be the fate of many of those affected by 
ingina pectoris. Allbutt * suggests that the fatal result may be due to 
the stoppage of the diseased heart by the process of vagal inhibition, 
but in view of what is known of cardiac physiology it seems more 
probable that the cause lies in the onset of fibrillation of the ventricles. 
\ hint on this problem is found in a paper by Carlson,*’ in which he 
reports that excessive tension in the heart sometimes sets up delirium 
cordis, i. e., fibrillation. Carlson was experimenting with the normal 
heart of animals, and it is plausible that tension far short of excessive 
might cause the same phenomenon, 1. e., the onset of fibrillation,®? in 
hearts that are diseased, as are those associated with the syndrome of 
angina pectoris. 

SUMMARY AND CONCLUSIONS 
rhe exact lesion, if any, in the heart or the sequence of events 


occurring in the circulatory system in angina pectoris is unknown. 


28. Footnote 10, second reference. 

29. Cushney, A. R.: A Text-Book of Pharmacology and Therapeutics, Ed. 7 
Philadelphia, Lea & Febiger, 1918, p. 391 

30. Carlson, A. J.: Stimulating Action of Tension on the Heart, Am. J. 
Physiol. 18:149, 1907 

31. The causation of ventricular fibrillation is discussed elsewhere. Reid, 
W. D.: Ventricular Fibrillation Following Ectopic Ventricular Tachycardia. 
Case Report, Boston M. & 4 J. 17: 686 (April 24) 1924. 
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Pathology has failed to disclose the exact nature of angina pectoris. 

The syndrome, angina pectoris, is a functional condition in the same 
sense as are the arrhythmias, such as premature beats, etc. 

It is suggested that the solution of the problem be sought in physi- 
ology, both normal and pathologic. Angina pectoris is a clinical entity 
that is absent after death 

The adaptations of the circulation to exercise are discussed. The 
evidence is presented, on which is based the belief that during exercise 
there is a dilatation of the peripheral blood vessels, produced in large 
part at least by the cooperation of the nervous system, probably by a 
reflex through the depressor fibers of the vagus nerve. 

The dilatation of the peripheral stream bed causes a more rapid 
drainage of blood away from the heart, and lessens the rise of pressure 
in the first part of the aorta and also the height of that which must be 
achieved in the left ventricle before the aortic valve can be forced 
open. The heart is thereby enabled to contract without strain. 

In the three types of heart disease with which the clinical syndrome, 
angina pectoris, is prone to be associated there are pathologic changes 
in the first part of the aorta and the ventricular muscle or change in 
the peripheral blood vessels, or both, which may make abnormal the 
conditions occurring in the circulation when exertion is undertaken. 

The sequence of events in angina pectoris may well be: a failure of 
the reflex dilatation of the peripheral blood vessels, which leads to a 
sudden rise in the pressure in the first part of the aorta and the cavity 
of the left ventricle, this heightened pressure in turn irritates the local 
nerve end plates which respond by pain referred to the arm, shoulder, etc 

In brief, it is suggested that the essential feature of angina pectoris 
is a failure of the protective mechanism of reflex dilatation of the 


peripheral blood vessels. 











LABORATORY STUDIES IN EPILEPSY 
I. FRACTIONAL GASTRIC ANALYSIS * 


JOSEPH FELSEN, M.D 


NEW YORK 


lhe frequency of gastric symptoms in epilepsy occurring either as 

in aura or as a more or less continuous indescribable feeling of distress 
in the epigastric region prompted the following investigation. Our 
etforts were limited to a study of the gastric secretion and no attempt 
vas made to supplement this work with roentgenologic examinations. 
Piheysiology of the Gastric Secretion.—Normal gastric juice obtained 
from the human stomach free from impurities is a thin, colorless liquid, 
strongly acid in reaction. The chief constituents are hydrochloric acid 
ind enzymes, pepsin, rennin and possibly lipase. The free acid in 
vastric secretion is acid which is largely dissociated with the production 
- a corresponding amount of free hydrogen ions. The combined acid 

- that which is bound with the protein material of the gastric juice. 
[he gastric juice is secreted by tubular glands imbedded in the mucous 
membrane of the stomach. The mouths of these glands can be seen as 
innumerable depressions studding the gastric mucosa everywhere. 
These glands differ in structure and function in different regions of 
the stomach. Two types may be differentiated: (1) The cardiac gland, 
the lumen of which is lined by epithelial cells cuboidal in shape and of 
two varieties : a, central cells which border the lumen of the tubule and 
larger, oval-shaped parietal cells lying just beneath the gland wall. 
Each parietal cell appears to be surrounded by a delicate network of 
canals which eventually open into the lumen of the gland by means of 


a small cleft; and (2) the pyloric gland, lined by epithelial cells exclu- 


sively of the chief or central type. These glands secrete an alkaline 
liquid containing the digestive enzymes (pepsin and rennin) and, 
according to Edkins and Starling, a hormone which excites the secretion 
if the gastric juice. 

It is generally conceded that the parietal cells of the gastric glands 
are concerned exclusively with acid secretion. Microchemical reactions 
show them to be very rich in chlorids and a portion of the stomach 
lacking these cells (pyloric region) has an alkaline secretion. The 
parietal cells are most abundant in the middle or prepyloric region of 
the stomach, scanty in the fundus and entirely absent in the pyloric 
portion. 


* The studies described in this and subsequent papers were made at the 
’, S. Veterans’ Hospital No. 81, Bronx, New York City. Published through the 
ourtesy of Gen. Frank T. Hines. 
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Girutzner ' states that normally the food in the fundus becomes first 
impregnated with pepsin, and then as it approaches the prepyloric 
region of the stomach receives its hydrochloric acid constituent. Harvey 
and Bensley? in their investigations to ascertain the exact point of 
formation of hydrochloric acid in the gastric juice, state that free acid 
is found only on the internal surface of the stomach or in the neck of 
the glands. The parietal cells themselves are alkaline in reaction. The 
ultimate sources of the chlorin in the hydrochloric acid are the chlorids 
in food and the neutral chlorids (sodium chlorids) ot the blood,’ which 
are formed into some intermediate compound by the parietal cells and 
yield tree hydrochloric acid only after the secretion reaches the neck 
ot the gland. If chlorids in the blood are reduced by their elimination 
from the food for a sufficient length of time the gastric juice will no 


longer contain acid 


The Nervous Control of Gastric Secretion —The secretion of gastric 
juice as effected by the epithelial cells (and in part by the gastric blood 
vessels) is under definite nervous control. The efferent secretomotor 
nerves are contained in the vagus trunk. These fibers originate in the 


' and terminate in the stomach wall around 


floor of the fourth ventricle 
dendrites of nerve cells, whose ganglionic fibers reach the secretory 
epithelial cells. There are also vasomotor nerves which vary the caliber 
of the gastric blood vessels, and so indirectly control the flow of gastric 
juice. These fibers arise from cells situated in the lateral horn of the 
gray matter in the thoracic region of the spinal cord, and pursue their 
course downward entering the celiac ganglion forming synapses witl 
dendrites of nerve cells which finally end in the nonstriated fibers of 
the gastric arterioles This latter nervous mechanism 1s under the con- 
trol of the vasomotor center in the medulla. The presence of true 
secretory fibers in the vagus can be demonstrated by section of this 
nerve and stimulation of the peripheral cut end. This causes secretion 
of gastric juice, after a latent period of several minutes, due to the 
presence also of some inhibitory fibers being stimulated simultaneously 
with the secretory fibers. It is evident therefore that the vagi can 
stimulate as well as inhibit the flow of gastric juice, and thus constitute 
the chief efferent secretory pathway between the central nervous system 
and the stomach.* The stomach will continue to secrete some gastric 


juice even after division of all of its nerves (vagus and splanchnic). 


1. Grutzner \rch. f. d. ges. Physiol. 106:463, 1905 (quoted from Howell) 

2. Harvey, B. C. H., and Bensley, R. R.: Biol. Bull. 23:225, 1912 

3. Howell, W. H.: Text Book of Physiology, Philadelphia, W. B. Saunders 
Company, 1918, p. 780 

4. Brubaker, A, P.: Text Book of Human Physiology, Philadelphia, P 
Blakiston’s Son & Company, 1922, p. 178 

5. Burton-Opitz, R.: Text Book of Physiology, Philadelphia, W. B. Saun- 
ders Company, 1920, p. 929 
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This viscus therefore has a local reflex mechanism and can be consid 
red a typical autonomic organ, subject to constant influence by the 
er nerve centers. The afferent pathways carrying impulses to the 
secretomotor and vasomotor cells lead from the cerebrum and _ oral 


nucosa 


The physiology of gastric secretion has been gone into in some 
letail because it gives one a somewhat clearer understanding of the 


inusual findings noted in our series of epilepsv cases 


r out these studies the following procedure was used 


~ 


In carrvin 





METIIOD OF PROCEDIL i 
| tient « ‘ the rator ta ut ‘ i. m atte I ya giit 
Rel ss cat tf the Eimhorn) t e Was passe t tasting ¢ 
extracte he patient the swallowee i giass t water w t dis rbmg 
‘ ( e the ater Vas i ed » the stomach roug the t 
eans fa syringae \p Ximatel 15 cx gastric uid was then extracte 
1 fteen minutes ra iod of two hours. Water was used in preference 
the usual test meal because it has the advantage of demonstrating any tood 
sts, Is q e€ as great a stimulant to gastric juice as the Ewald test meal, contains 
element which might give rise to lactic acid and is easily administered t 
e patients [he stimulatory power of water in the stoma lower 


lls and Hawk 


imals was shown by Heidenhain"“ and later by Sanotskti We 





de similar studies on the human stomach. It was found that ordinary wa 
Id (10.5 C.) or warm (50 C.) was a very strong gastric stimulant, sometimes 
viving rise to an acidity of over 100 in less than twenty minutes. Even as small 
i nt as 50 cc. of water has a pronounced stimulatory effect. Increased 
lity 1s apparent! accompanied by increased peptic activity, wh eads one t 
le that t] the cid and pepsin secreting cells are stimulate he 
wwe acidity after water stimulation was 77. [Freshly secreted human gastri 
possesses an acidity of from 04 to 0.5 per cent. (the figures given below 
converted to percentage by multiplying by the factor 0.00365) This initial 
gh acidity is normally lowered to the so-called “optimum acidity” of from 0.15 
2 per cet that acidity which seems to promote the most effective pepsi 
t al refore proteolytic gestion) by the regurgitation of alkaline fluids 
the imtestine (biliary, pancreatic and intestinal secret s ! tt 


ms this “the automatic regulation of gastric acidity.” 


In order to more clearly understand the figures given in the tables, 
the following brief summary of fractional studies of gastric acidity is 
appended as outlined by Rehfuss, Bergeim and Hawk.*® These investi- 
gators describe three types of curve obtained by fractional analyses 
lsosecretory Type—The total acidity rises steadily to about 60 
within one-half to one hour. This is followed by a gradual decline, 
reaching the initial acidity at the end of about two hours. This curve 


is usually unbroken and the high point is rounded. 


6. Heidenhain, R. Arch. f. d. Ges. Physiol. 19:148, 1879 
7. Sanotskii: Arch. d. se. biol. 1:588, 1892 


&. Wells, H. G., and Hawk, P. B.: Proc. Am. Soc. Biol. Chemists, 2:23, 1910 

9. Bolydroff: Quoted from Hawk, P. B. Practical Physiological Chemistry, 
Philadelphia, P. Blakiston’s Son & Company, 1922, p. 153 

10. Rehfuss, M. E.; Bergeim, O., and Hawk, P. B Gastro-Intestinal 
Studies, J. A. M. A. 63:909 (Sept. 12) 1914 
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Tasre | sastric Acidity figures Obtained in Fifty-Thre: 


Cases of Epileps Continued 
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* F. free acidity; T, total acidity 











Hypersecretory Type—There is a rapid increase in acidity with 
high point of from 70 to 100 or over, either sustained or abrupt. The 
decline to initial acidity is slow or does not occur at all within two hours 

H yposecreton Ty pe Here there is a slower increase in acidity 
than in the isosecretory type with a high point of from 40 to 50 
Return to initial acidity occurs within from two to two and one-halt 
hours 

Bearing in mind the foregoing description of the physiology of 
gastric secretion and the types of curve obtained by fractional gastri 
studies in normal human beings, we may now proceed to a consideration 
of the results obtained in epileptics. The following table gives in deta! 


the figures obtained in a series of fifty-three cases. We were successful 
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[Types of curve obtained by fractional gastric analysis (1) Isosecretory 
(2) Hypersecretory, (3) Hyposecretory. Solid lines indicate total acidity. Free 
acid curves have been omitted for the sake of simplicity. They follow in il 
nain the total acid, being somewhat lower throughout 


in repeating our studies in only six cases because of the peculiar tem- 
perament usually encountered in these patients. 

It will be seen that eight patients (Case Nos. 2, 5, 7, 9, 13, 17, 
36 and 44) exhibited complete absence of free hydrochloric acid in the 
fasting stomach and throughout a period of two hours after the inges- 
tion of water. Three of these eight cases were checked up by repeating 
the gastric analysis (2, 5, 36). Patient No. 2 (April 4, 1923) was 
re-examined on May 22, 1923, with the same results. Patient No. 5 


showed, on July 19, 1922, absence of free acid only in the fasting and 
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fifteen minute specimens, but a second analysis on June 19, 1923, showed 


ibsence of free hydrochloric acid in the fasting contents and all spect 


~ 


mens collected within two hours. It might be well to note that this 


atient was under our close observation during all this time and ha 


undergone very rapid and marked mental deterioration. Patient No 36 
showed no change on two separate examinations (Feb. 19 and Marel 
28, 1923). In all of the above eight patients the total acidity remaine 

uniformly low in all specimens, the average acidity being 12. Another 


) 
li 


ase which might be added to these eight patients is No. 31, in wl 
no free hydrochloric acid was found until the one and three-quarter hour 
extraction and even then only a trace was present Patient No. 3 
showed similar findings until the one and one-quarter hour extractiot 


was reached Patient No. 30 showed practically complete absence « 


? 


free acid in all specimens except the one and one-quarter at 


d one 
ind three-quarter hour extractions. Here it is rather dithcult to explain 
he zig-zag acidity curve obtained after one and one-quarter hours (0 t 
16 to O to 16 again). Somewhat similar results were obtained in Cases 
32 and 37. The former patient showed an initial absence of free 
wid followed by a rapid rise to 42 in one-half hour and decline to zer 


within the following hour, the absence of free acid persisting to the end 


The latter (Case 37) showed a fasting free acidity of 22, followed 
ifter the ingestion of water by no free acid for a period of one and 
one-half hours (except for an acidity of 20 in the 75 minute extraction ) 

41] 


Patient No. 3 showed practically complete absence of free acid in all 
specimens except the one and one-half hour extraction. Sixteen patients 
(Cases 6, 8, 11, 20, 23, 24, 32, 33, 34 


showed complete absence or only very slight traces of 


35, 38, 39, 48, 52, 56 and 5/7) 


free acid in the 
frst two or three extractions 

(One patient (10) was examined on three different occasions. The 
first time only the fasting and fifteen minute extractions were made, the 
patient then suddenly going into a seizure. The figures for free acidity 
were 0 for the fasting specimen and 8 for the fifteen minute specimen 
-xactly similar results were obtained on two subsequent occasions when 
the patient was teeling comparatively well. This point is brought out 
in order to show that in this case at least, examination of the gastri 
juice just before a seizure showed no change so far as the acidity was 
concerned. 

For purposes of comparison Table 2 is shown, giving gastric acidity 
figures for other patients in the hospital. None of these figures are 
taken from patients having a doubtful or definite diagnosis of epilepsy 

It is surprising to note that seven patients show complete or almost 
complete absence of free hydrochloric acid in all specimens (Cases 4, 27, 


28, 30, 31, 32, 33 and 35). In looking up the clinical records of these 


latter patients the following interesting data were obtained. 
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Thirty-Seven So-Called Nonepileptic Patients 
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* F, free acidity: T, total acidity 
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Taste 2—Control Figures. Gastric Acidity Estimations Made ) 
Thirty-Seven So-Called Nonepileptic Patients—( Continued 
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REPORT Of CASES 


Case 1 (Patient 4).—The patient, a man, while on military duty on the 
Mexican border (about 1917), was thrown from his horse and “lay unconscious 
r several hours.” On recovery he suffered from pains in the back and passed 
loody urine. In December, 1921, while mounting a flight of stairs, he fell back 
ward and bruised his head, remaining unconscious for twenty minutes. He often 
felt dizzy and weak, being compelled to hold on to things in order to keep from 
falling. At such times his heart thumps and seems to stop, the patient feeling as 
he were being pulled over backward 


Clinical Diagnosis —Mild secondary anemia 
Relevant Examinations —The blood Wassermann test was negative. The 
urine was normal Blood-hemoglobin, 88 per cent. (Dare); erythrocytes, 


4,100,000 per cubic millimeter; leukocytes, 7,800 per cubic millimeter; polymor- 
phonuclear neutrophils, 66 per cent.; small lymphocytes, 26 per cent.; larg: 
vmphocytes, 6 per cent.; transitional, 1 per cent.; eosinophil, 1 per cent. 

Epicrisis—The blood count hardly seems to account for the absence of free 
icid or the nervous symptoms. The history of a fall followed by a period of 
inconsciousness and subsequent attacks of dizziness, unconsciousness and cardiac 
distress are very suggestive of epilepsy. 

Cases 2, 3, 4, 5 and 6 (Patients 27, 28, 30, 31 and 33).—Portrayed many of the 
characteristics seen in “petit mal” attacks and interval periods of long standing 
epilepsy. Thus patient 27 experienced attacks of cardiac pain and “smothering” 
associated with gastric distress. Patient 28 was afflicted with insomnia, periods 
of cardiac and gastric distress, peculiar periods of numbness of the left side of 
the body, headache, a frequent feeling of falling into space, deterioration ot 
memory, inability to concentrate and tiring after light exercise. 

Patient 30 complained of inability to concentrate and a feeling of gastric 
distress associated with “nervousness and stiffness of the legs.” He also dis- 
played the peculiar antagonistic attitude often seen in epilepsy. 

Patient 31 complained of insomnia and frequent spells of excitement lasting a 
few minutes and associated with headache and precordial pain. Palpitation of 
the heart, easy tiring after exercise and inability to concentrate were also present 
In this case electrocardiographic examination by Dr. H. Mann revealed the pres 
ence of auricular fibrillation. The blood Wassermann was positive. Blood 




















156 1] l l 
ressure, 150) systolic, 105 diastolic. Metabolic rate, minus 15 per cet Roentg 
i eXaminatl the eeth gave vidence Of px riapical Loscesses tf tl upper 
left tirst and seco molars l er rig rst molar 
P trent 33 Ar lai ed ner Ss Six s ss late | Viti Mmsaom lel rT ta lit 
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Patients 27, 28, 3 d 33 ¢ ! sical laborat evidence suggesting 
expla t the : ms 
Case 7 (Patient 32 The chief « plaints this patient, a man, wet 
é sness a s in the gastric and cardiac regions. At 6 years of t 
tient fell d i flight of stairs and red his head. Since then he had bee 
reas ble < i s 5 I ses Ss temper e! easil He shakes 
| | © pt e ere ‘ ivera + 1 1! \ g al ere 
7S 
( stitut il psye t in fe rit 
” e bh and spinal fluid Wassermann tests 
( . s} 1 , vere he atient’s statement: re t could 
‘ Ce as records were not a abk he patient re , we 
ect s I | od and spinal t 1 examinations made by this laborate 
+ vative m« g \\ iSseT il test made " ‘ y vocat 
‘ ect! Psychometric examination revealed an « ilent ag 
! t s ths (actual age 24 ears Intellectual tient 
therefore there i mental deticienc 
, , Nas 
shaking spells ( 
< ' tat 
il ier I 
ses . eps 
resent trou t 
Case & (Patient 
avs and spita t é 
nplete ss of me r In 1917 he began to experience dizzy spells and often 
tell conscious for periods lasting about five minutes, during which time there 
re nvulsive movements, frothing at the mouth and loss of sphincter control 
e suffered m dyspnea on exertion and tired easily. He often felt nauseated 
fter 9 eals 
mica s \nxiety neurosis. An old gunshot wound on the frontal 
region of s 
vant Examinations.—Physical examination revealed at 2.5 cm. oval depres- 
sit n the left frontal region of the skull extending down to the inner table. 
The vision in the left eye was 2/200. The left fundus could be seen with a 
minus 14 lens. The disc was pale, retina and choroid were much thinned out 
illowing the sclera to show through, especially in the lower quadrant. Blood 
pressure, 140 systoli 5 diastolic. The urine analysis was negative Roentgen- 
ray examination of the teeth revealed the presence of several peri-apical abscesses 
The blood count was normal. Wassermann reaction negative. 
risis —The history of trauma, taken in conjunction with the finding of an 
actual bony defect in the skull, was associated with phenomena usually observed 
in epilepsy 


COMMENT 


\ll of the data above presented merely constitute our observations 
on fifty-three epileptics and thirty-seven other cases chosen at random 
as controls. Of the epilepsy group, eight cases (15 per cent.) showed 
complete absence of free hydrochloric acid in the fasting stomach, and 
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for a period of two hours following the ingestion of a water test meal. 
Six others (11 per cent.) showed similar results, except that the absence 
f free hydrochloric acid fell somewhat short of the two-hour period. 


Sixteen cases (30 per cent.) showed absence or only slight traces of 


tree acid in the first two or three specimens ()t the thirtv-seven 
so-called nonepileptic control group, seven (19 per cent.) showed com 
plete absence of free hydrochloric acid in all specimens. Five (13 pet 
ent.) showed absence of tree hydrochloric acid in the first two or three 


specimens. In our series no deductions could be drawn from the total 


iditvy curves. Qualitative and quantitative ferment studies were also 
made on all specimens, but no conclusions could be reached because of 
the variability found in our control tubes. We found, for example, 


that quantitative and sometimes even qualitative tests for pepsin by the 


use of Mett tubes were absolutely maccurate. The same batch of albu 


in (coagulated in a water bath at one time) used on identical speci 
lens of filtered gastric juice gave ditferent results. Sometimes at the 
R } (nu (Jbtained f 
( ’ ups 
\ t \ No Free Ac \bsence « l 
H Period a Litth Free A Fas 
I ! Less Than 2 Hours 130M t 
yu ‘ t pe Cent “Tht ens, y ‘ 
pilepsy grouy 
‘ ol grout 
‘ vestigz ‘ < ‘ these cases co iw i o 
y be cons piley 


end of twenty-four hours we would get no digestion at all in one tube, 
and from 5 to 7 mm. in another, both tubes containing the same gastric 
uice 

In considering the foregoing figures, due regard should be had for 
the opinion of many gastro-enterologists who attach comparatively little 
importance to gastric acidity titrations. The cases cited in our series 
gave evidence of anacidity over a long period of examination. We 
cannot disregard these observations, especially when taken in conjunc- 
tion with suitable controls. Kopeloff,"’ in an interesting study on the 
Rehfuss fractional method of gastric analysis, shows the great varia- 
tions one may obtain in specimens withdrawn in rapid succession three- 
quarters of an hour after the ingestion of a test meal. He also showed 
that specimens of gastric juice drawn simultaneously through three 
different tubes from the stomach of one individual differed widely in 
the degree of acidity, depending on the location of the bucket. These 
observations can readily be explained by our knowledge of gastric 


11. Kopeloff, Nicholas: Variations in Aliquot Fractions of Gastric Contents, 
Arch. Int. Med. 30:118 (July) 1922. 
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physiology. We avoided such sources of error by withdrawing large 
fractions, and keeping the tube so far as possible in one place. 

Theoretically, absence of free hydrochloric acid may be the result 
of one or more of the following factors: (1) Overactivity of the pyloric 
glands which secrete an alkaline fluid; (2) absence of chlorids from the 
food, thereby impoverishing the blood and removing the source ot 
manufacturing material for hydrochloric acid from the parietal cells ; 
(3) destruction of parietal cells (by caustics, malignancy, etc.) ; 
(4) excessive regurgitation of alkaline juices from the small intestine : 
(3) overstimulation of inhibitory fibers in the vagus; (6) destruction of 
the secretory fibers in the vagus; (7) destruction of the cells of origin 
of the secretory fibers which lie in the floor of the fourth ventricle, ot 
of the synapses and fibers involved in the autonomic control of gastric 
secretion ; (8) pathologic lesion of vasomotor fibers, associated cells and 
synapses lying in the gray matter of the thoracic region of the spinal 
cord or in the celiac ganglion; (9) severe anemia; (10) technical error, 
whereby the bucket is located in the duodenum instead of in the stomach 

Let us consider these factors in the order above mentioned. (ver 
activity of the pyloric glands is probably not a great factor, as 1 would 
possibly require a great quantity of this secretion to neutralize a gastri 
acidity of from 0.2 to 0.5 per cent. 

\bsence of chlorids from the food and subsequent impoverishment 
oft the blood was not a factor in our cases, as shown by chemical analysis 
of the blood and definite control of diet 

Destruction of the parietal cells, if great enough in extent, would 
lead to absence of free hydrochloric acid. This certainly seems to be 
true of invasive carcinomas of the prepyloric or cardiac regions. 

The absence of free hydrochloric acid in severe primary or secondary 
anemias is probably associated with the poor quality of blood brought 
to the parietal cells. There may be an intravascular chlorid retention, 
in the effort to keep the fluid content of the blood normal. Percentage 
variations may therefore not be revealed by chemical analysis of the 
blood. 

Technical errors are probably not a factor, as tubes passed a definite 
distance have been shown to be located in the stomach for several hours. 
Moreover, this would hardly account for the absence of free acid in all 
specimens with no bile present. 

With regard to possible defects in the nervous control of gastric 
secretion, one must regard as highly probable the presence in some 
epileptics of a gliosis, a gliomatous process or other pathologic lesion 
in the regions of the floor of the fourth ventricle, the gray matter of the 
thoracic spinal cord, celiac ganglion or elsewhere in the vagal or vaso- 
motor pathway. Two cases which came to necropsy have so far revealed 
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no definite brain pathologic changes. Vanderhoof '* reports a series of 
twenty-nine cases of achylia gastrica, associated with a combined 
sclerosis of the spinal cord. Fourteen of these patients had pernicious 
inemia. 

Hurst and Bell'* report eight cases of combined spinal sclerosis, 
howing absence of free hydrochloric acid by the fractional method. 


These observations are very interesting, especially if considered in the 


g. 
light of certain theories as to the causation of epilepsy. ©n this point 
one can do no better than consult the masterly work of Brown-Sequard."* 
In a series of careful experiments on animals and human beings he 
oncludes that an injury to the spinal cord may be the cause of an 
epileptiform affection. He cites many instances of pathologic changes 
found in the spinal cords of epileptics at necropsy (Clot, Ollivier 
d’ Angers, Bouchet and Cazanviehl, Forget, Jendrin and otliers). He 
even goes so far as to have grave doubts that the seat of trouble in any 
epileptic can primarily lie in the cerebral lobes. If certain or all cases 
f true epilepsy should really be due to sclerotic changes in the spinal 
cord, the lesions would in all probability involve the lateral horns of the 
vray matter in or above the thoracic region of the spinal cord. There 
is a possibility that the small hemorrhages occurring in the eyelids and 
skin elsewhere, due to pathologic conditions associated with an attack 
(to be described in a subsequent paper), may also occur in any of the 
regions above described and eventually lead to a replacement gliosis. 
Defects in the central nervous control of gastric secretion are more 
likely than local lesions if one is to consider our gastric findings of 
significance in epilepsy. 
CONCLUSIONS 

1. Complete absence of free hydrochloric acid in the fasting and 
subsequent specimens obtained over a period of two hours was found 
in 15 per cent. of our epileptic cases. Almost complete absence of free 
acid was found in another 11 per cent., thus making a total of 26 per cent. 

2. Of the so-called “nonepileptic” control group, 19 per cent. showed 
complete absence of free acid, and further investigation made it seem 
quite likely that all of these patients were epileptic. 

3. The absence of free acid in one patient closely observed for more 
than a vear, seemed to be associated with rapid deterioration. 

4. In one patient, the absence of free acid did not seem to be asso- 
ciated with the onset of an epileptiform attack. 

5. The total acid curve remained uniformly low in all cases of 
absence of free acid. 


12. Vanderhoof, Douglas: The Etiologic Relation of Achylia Gastrica to 
Combined Sclerosis in the Spinal Cord, Arch. Int. Med. 32:958-971 (Dec.) 1923 
13. Hurst, A. F., and Bell, J. R.: Brain, 45:266 (Oct.) 1922 


14. Brown-Sequard, E.: Boston M. & S. J. 54:55, 1856 





AL MEDICINE 


| have endeavored in this paper merely to present a record of my 


observations. The absence of free acid may not be pathognomonic of 


epilepsy, but in my opinion this fact seems worthy of further investiga 


tion. Periodic gastric analyses of epileptics and more careful investiga 


tion of all neuropsychiatric cases showing anaciditv are suggested. 














XPERIMENTAL AND CLINICAL SIGNIFICANCE OF 
THE CHOLESTEROL CONTENT OF BILE * 


H. L. BOCKUS, M.D 
AND 


OHN EIMAN, M.D 


PHILADELPHIA 


It would appear superfluous to make a review of the vast amount 
f literature, which has appeared during the last few years, concerned 


vith nonsurgical drainage of the gall tract, following Lyon's ' original 


nd subsequent expositions on the subject. 

We are of the opinion (after the experience gained by one of us 
n draining over 1,500 gall tracts) that the bile, when obtained by this 
ethod, does appear in more or less definite fractions, corresponding 

Lyon's “A,” “B” and “C” bile. Where this does not occur in a 
atient who is “tube broken,” there is usually some pathologic change 

account for it, if the technic has not been faulty. 

In an excellent paper which appeared recently, Rous and Mc Master * 
emonstrated that the gallbladder is the only structure in the gall tract 
vhich can normally concentrate bile. They studied the ability of the 
gallbladder to concentrate bile, using as a criterion the pigment strength 
f a sample collected from an hepatic duct branch. Gallbladders (five), 
which had been previously emptied, concentrated bile coming into them 
n an average of 7.1 times in twenty-four hours. Gallbladders (seven), 
left distended with bile of known constitution and receiving in addition 
fresh increments from the liver, concentrated the secretion on an aver- 
ige 6.4 times in twenty-four hours. They have shown that normally 
the ducts do not have the faculty of concentrating bile, but on the 
ontrary dilute it. 

Granting that the gallbladder is the only structure in the biliary tract 
which concentrates bile, in order to demonstrate that the “B” fraction 
f bile is derived in large part from the gallbladder, we must prove that 

*From the Gastroenterologic Clinic, Graduate School of Medicine, Uni- 
ersity of Pennsylvania. 

* Read before the Interurban Surgical Society at Philadelphia, May 15, 1923. 

1. Lyon, B. B. V.: Diagnosis and Treatment of Diseases of the Gallbladder 
nd Biliary Ducts, J. A. M. A. 73:980 (Sept. 27) 1919; M. Clin. N. Am. 3:1253 
March) 1920; Am. J. M. Se. 159:503 (April) 1920; New York M. J. 112:23 
luly 3) 1920; ibid., 112:56 (July 10) 1920; abstr. J. A. M. A. 75:1449 (Nov. 

20) 1920; ibid., 75:1803 (Dec. 25) 1920; Am. J. M. Se. 160:575 (Oct.) 1920; 
M. Clin. N. Am. 4:1153 (Jan.) 1921; Am. J. M. Sc. 163:60 (Jan.) 1922, and 
163:223 (Feb.) 1922; Non-Surgical Drainage of the Gall Tract, Philadelphia, 
Lea & Febiger, 1923 


2, Rous, P., and McMaster, P. D.: J. Exper. Med. 34:47 (July) 1921. 
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this fraction is actually more concentrated than the “C” (liver) frac- 
tion of bile. For purposes of experiment, we selected one of the biliary 
constituents, and measured its degree of concentration in the various 
fractions of bile. The element chosen was cholesterol, because its per- 
centage can be rather easily and accurately computed. If the “B” bile 
comes from the gallbladder, then it should contain a greater amount of 
cholesterol than either the common duct bile or the liver bile (so-called ) 

In carrying out the experiment, the technic of Lyon was closely 
followed. The bile fractions were segregated as accurately as possible ; 
the tube was connected to a fresh bottle just as soon as a color change 
occurred. Determining the cholesterol content of the “A” fraction was 
soon abandoned. This fraction always contains an unknown amount 


of the stimulating solution, which renders a cholesterol percentage 


TABLE 1—Cases of Average Characteristic Color Change. “B” Fraction of 
Vormal Color 
“B" Fraction “C"’* Fraction 
Cholesterol Cholesterol Ratio of ¢ oles 
Content in Content in terol Content of 
Nur Mg. per 100) Mg. per 100) “B" as Compar 
ber Date Diagnosis C.c. of Bile C.c. of Bile with “C” Bile 
1 11 Cholecystitis, chronic; “B" fraction 
slightly darker than normal “a 12% 40:10 
Cholecystitis, chronie mild ' ) 8:10 
4 Normal gall tract Ss 17 4.8: 1. 
‘ 1 ) Normal gall tract hi $.0:1 
> 13/2 Cholecystitis; “B" and Cc” bile 
slightly darker than normal 7 S 4.4: 1.0 
6 12 Cholecystitis, chronic 27 a a l 
7 Normal gall tract 78 1:10 
8 $ > Norma! gall tract 5 > 1 1.0 
; 4 > Normal gall tract > 14: 1.0 
l Chronic cholecystitis, mild 8: 1.0 
Group av ¥ 44 10 
unreliable. The comparison, paramount in value, is that between the 


“B” and the “C” fractions. This procedure was carried out on twenty 
patients. They have been classified into three groups (Tables 1, 2 and 
3). The classification was based on the intensity of color of the “B” 
fraction as compared with the “C” fraction, and on the character of 


the color change from “B” to “C” bile. 


RATIO OF CONCENTRATION BETWEEN GALLBLADDER AND LIVER BILE 

Table 1 includes a group of ten patients, whose bile when drained 
underwent an average characteristic color change from light lemon 
yellow to dark amber brown and back to yellow. Half of them had no 
demonstrable gall tract pathologic changes. Fifty per cent. of these 
cases were diagnosed chronic cholecystitis from the history, physical 
examination and the microscopic examination of the bile. We feel that 
gallbladder stasis is not a constant finding in chronic cholecystitis, 
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Ithough it is commonly present. The five cases of cholecystitis in 
this group did not have abnormal gallbladder stasis, eccording to this 
method of examination. 
In each instance the “B” bile contained a greater amount of choles- 

terol than the “C” bile. The average amount of cholesterol in “B” 
fraction was 161 mg. per hundred cubic centimeters of bile; the “< 
fraction averaged 44 mg. per hundred cubic centimeters of bile. There 
was an average of 3.6 times as much cholesterol in the “B” as in the 
“C” fraction. Rosenbloom * estimated the quantity of cholesterol in 
iliary fistula bile to be 2.61 parts per 1,000, and Hammarsten * gives 9.9 
parts per 1,000 as the quantity of cholesterol in bladder bile. Bile taken 
lirectly from the gallbladder was 3.8 times more concentrated in choles- 
erol than bile taken directly from the liver. Our ratio of concentration 
hetween “B” and “C” bile, as obtained by Lyon’s method, is almost iden- 
tical with the ratio computed from bile withdrawn directly from the 
gallbladder and liver. The inference may be made that the “B” traction, 
s obtained by the foregoing method, does come in large part from the 
gallbladder. The smaller quantity of cholesterol obtained by us as com- 
ired with the amount recovered directly from the organs in question 
av be explained by dilution. It would seem that both fractions are 
equally diluted by pancreatic and intestinal juices. Cases & and 9 
lable 1) have concentration ratios considerably below the others in 
his group, although their color changes were almost as marked as the 
ther members of the group. This discrepancy might be accounted for 
an unusual dilution of the “B” fractions by magnesium sulphate 
solution. 


CONCENTRATION RATIO AS AN INDEX OF GALLBLADDER STASIS 
Six cases are grouped together in Table 2 because there was a 
greater difference in color between the two fractions under discussion, 
ind the “B” bile was darker than normal. The color of the “B” fraction 
aried between dark brown and mahogany brown or black. The average 
cholesterol content of the “B” bile in this group was 292 mg. per hundred 
cubic centimeters of bile; that for the “C” bile was 36 mg. per hundred 
cubic centimeters of bile, making the ratio of concentration between the 
“B” and “C” fractions 8:1. The degree of concentration of the “B” 
fraction was twice that of the cases in Table 1. Although this is a 
comparatively small series, it seems likely that an estimation of the 
cholesterol content of the “B” and “C” fractions will be of value in 
the diagnosis of gallbladder stasis. It will serve as a measure of the 
gallbladder’s concentrating activity or an index of bile inspissation 


3. Rosenbloom: J. Biol. Chem. 14:241, 1913 


4. Hammarsten: Pincussohn’s Med.-Chem. Lab. Hilfsbuch, Leipzig, 1912, 
p. 388. 
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in the gallbladder. At least it should be a much more accurate gage 
of that function than a comparison of colors. As the ratio of concen 
tration gets appreciably above 4:1, gallbladder stasis should be sus 
pected - as the ratio approaches Bs. gallbladdet stasis 1s present Pha 


} 
! 


yy Rous and Mec Master, 


who consider the concentrating activity of the gallbladder an important 


this observation is of significance is borne out 


etiologic factor in the formation of stones. Intermittent 
according to these investigators, is the principal predisposing cause « 


stones, as it gives an Opportunity tor excessive IMspilssatlor 


The paper of Fitz and Aldrich ® is interesting along this line Phe 
say: “It appears that bile may contain relatively small or large amounts 
ot cholesterol. [From our evidence it is impossible to make clinical us 
of the bile cholesterol find vs, as they varied so markedly n all cases 

AE 2 mie larked ij 

lha : 
I I ‘ I 
‘ oles ‘ R ‘ 
a ‘ te ‘¢ 
N Me. 1» Mg. per lm I s ( , 
b Da Diag sjs ‘ ‘ | ‘ 4 ‘ | 
i ‘ PCVStitis, stasis s 
‘ ‘ an | eecystitis = ey] 
fter 6 weeks treatme 
Slight i dice (1 yea ‘ 
s (roentgent ray . { 
‘ cystitis per te i 
si¢ = one ti o 
‘ ‘ oleevs oy hroniec stasis: achy 
gastric } 
i «cl “Vy = ea ‘ 
tostomy 
Cholecystitis, stasis: Stap) 
s fi 
‘ , 
of chronic gallbladder disease. Therefore it seems reasonable to con 
clude that the bile cholesterol findings alone are of no clinical signifi 
cance in connection with Lyon’s method, although it is possible that a 


camparison between the blood cholesterol and the cholesterol content 


bile may yield information of greater clinical interest.” Fitz 


of liver 
confirms the work of Peirce® and Nathan,’ who tound no uniforn 
relationship between the cholesterol content of bile and disease. In ; 
series of twenty-five cases of chronic cholecystitis without stones, Fitz 
and Aldrich report an average of 551 mg. of cholesterol per hundred 
cubic centimeters of bile taken directly from the gallbladder at operation 


5. Fitz, Reginald, and Aldrich, Martha: Clinical Observations on Certai 
Constituents of the Bile, J. A. M. A. 79:2129 (Dec. 23) 1922 

6. Peirce, S. J. S.: Der Gehalt der menschlichen Galle am Cholesterin un 
Cholesterinstern, Deutsch. Arch. f. klin. Med. 106:337, 1912 

7. Nathan, M Untersuchungen uber den Cholesteringehalt von men 
schlingen Gallen, Arch. f. path. Anat. 228:51, 1920. 
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kur average in a group of six similar cases was 292 mg. per hundred 


ubic centimeters of “B” bile as obtained by the duodenal tube. The 
maller amount of cholesterol in our series is undoubtedly due in large 
irt to dilution with intestinal juices. Their extreme figures were 184 
g. and 1,100 mg. Our extreme figures were 95 mg. and 625 mg. Fitz 

\ldrich drew their conclusions that the cholesterol content of bile 


vas of no clinical significance from an examination of the gallbladdet 


le only It is obvious that the cholesterol content of the gallbladder 
e alone can be of no clinical importance. A substance of obscure 
logenous origin and of variable exogenous origin can be of no sig- 


ficance as an index ot di 


sease. \Ve do feel that a comparison between 
bladder and liver bile as obtained by Lyon’s method in the manne 


ven above will prove of definite clinical value as an index of bile 


nspissation in the gallbladder Patient 6 (Table 2) was operated o1 
e cholesterol content of the “B” fraction before operation as obtained 
TABLE 3 ises Having I ittle Differes in ( ij 
1 ij 
I Fractic ( Fract 
Cholestere ‘ Olest ‘ R ‘ 
Content Content ir ero] ¢ ¢ 
Me. p * Mg. per li I = 1 
Date Dingnosis Cc. of Bile C.c. of Bile wit ‘ B 
Cystic duet obst ection: b iry 
tiie 
Chronie choleeystitis B” bile o 
tained later, dra ue 
‘ oleeyst s, ehre ‘ v t 
te v 
‘ » averag 


the tube method was 250 mg. per hundred cubic centimeters of bile 
he bile removed from the gallbladder at operation contained 750 mg. per 
undred cubic centimeters of bile. It is possible that the difference 
etween these two figures may represent the degree of dilution that may 
e expected when the bile is obtained through the tube. We do not feel 
hat this dilution interferes with the ratio of concentration, as both 
fractions are undoubtedly equally diluted by the intestinal juices. The 
perative finding in the foregoing case was chronic cholecystitis, which 
confirmed our preoperative diagnosis. The bile, as obtained from the 


gallbladder at operation, Was a Very thick, ropy static bile. 


CONCENTRATION RATIO IN CYSTIC DUCT OBSTRUCTION 
Three cases in which there was very little difference in color between 
the “B” and “C” fractions, were grouped together in Table 3. It was 
not possible to make an accurate segregation of fractions, although in 
two of them, there was a very slight color change. The separation of 


fractions in Case 1 was made by time. We separated the bile which 
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appeared from three to thirty minutes after stimulation, determined the 
cholesterol content, and compared it with the cholesterol content of the 
bile which was drained from thirty minutes to one hour after stimula- 
tion. There was no color change in this case. At operation, a stone 
was found obstructing the cystic duct, accounting for the absence of a 
“B” fraction. The patients in Table 3 had all been drained previously. 
Che absence of a “B” fraction of bile was not transitory. 

By consulting the table, it will be noted that in each case the differ- 
ence between the quantity of cholesterol in the two fractions is slight. 
The average cholesterol value for the so-called “B” fraction was 177 


iw. per hundred cubic centimeters of bile, as compared with 133 mg. 


mg 


per hundred cubic centimeters of bile, the average cholesterol con- 


tent of the “C” bile. The group concentration ratio is 1.3: 1.0. As 
the concentration ratio decreases markedly below the normal, some inter- 


ference with the evacuation of bile from the gallbladder should be sus- 
pected. The commoner things to consider are atony, atrophy, thickening, 
cystic duct obstruction by stone, mucus, inspissated bile or adhesions 
\ diagnosis of cystic duct obstruction cannot be made on the findings 
of one drainage. The failure to obtain a “B” fraction occurs not infre- 
quently when a patient uses the tube for the first time, particularly if 
there has been considerable gagging and retching. The violent excur- 
sions of the diaphragm probably cause the bile to be mechanically 
evacuated from the gallbladder before the tube has entered the duodenum. 
We have made it a rule never to diagnose cystic duct obstruction unless 


there has been an absence of gallbladder bile after three drainages. 


COMPARISON O| GROUP AVERAGES 


In Table 4 the significance of the group averages may be grasped at 
a glance. The average amount of cholesterol in the “C” bile was prac- 
tically the same for the first two groups. The third group shows a 


relatively high cholesterol content in the “C” fraction. It is obviously 


TABLE 4.—Group Averages 


Average Cholesterol Average Cholesterol Average Ratio 
Content of Content of Between “B" ane 
B”* Bile cc” Bik “CC” Bile 
Group 1—10 eases 161 44 6:10 
Group (cases sh ft 8.0: 1.0 
Group 3—3 cases 77 I l 


impossible to compare the liver bile of one group of cases with the liver 
bile of another series, for the same reason that the bile from various 
gallbladders cannot be compared with the hope of gaining information 
of diagnostic import. The quantity of cholesterol being excreted from 


the liver varies from hour to hour and from day to day. However, the 
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nerease in the amount of cholesterol in the “C” fraction of the third 
group is so great that it may be of some significance. The partial cystic 
luct obstruction which was present may have caused the liver ducts to 
take on a compensatory concentrating activity ; or in at least two of the 
the gallbladder may have emptied so slowly, that an intimate 
ixture of the “B” and “C” bile occurred. 


1i¢ 


ises 


In that event the gallbladder 
would have raised the cholesterol value of what we classified ( for 
urpose of tabulation) as “C”’ bile. 


SUMMARY 
l 


Nonsurgical drainage of the gall tract, following the 
Lyon, was performed on nineteeen patients. 


technic of 

Che bile was segregated as 
Lyon’s “A,” “B” and 

ile. A cholesterol determination was made on the “B” 


‘urately as possible into three fractions, 


and “C”’ hile 
each case. 
2. Ten patients having a normal color change showed an average of 


3.6 times as much cholesterol in the “B” as in the “C” bile. The ratio 
3.6 ] 


may be considered the normal concentration ratio between the 
gallbladder and liver bile as obtained by the duodenal tube method, 


1 


or 
he inspissation index of the normal gallbladder. 


This is really a 
1umerical measure of the gallbladder’s concentrating activity. 

3. From six cases in which the color change was more marked 
an normal, and in which the “B” bile was darker, 


a concentration 
ratio of 8:1 was obtained. 


An estimation of the cholesterol content of 
“C” bile, as obtained by the duodenal tube, promises to 
be of value in the diagnosis of gallbladder stasis. An inspissation index 
S: 1 or higher is indicative of abnormal gallbladder stasis. 
4+. As the ratio is appreciably decreased below 3.6: 1, 


the “B” and 


some inter- 
ference with the normal emptying of the gallbladder should be suspected. 


CONCLUSIONS 

This experiment supports Lyon’s contention, that the “B” fraction 
f bile, as obtained by nonsurgical drainage of the gall tract, does come 

in large part from the gallbladder. 


The cholesterol content of the “B” 
as compared with the “C” 


; 
bile is of value in determining whether or 
not the gallbladder is emptying. It also serves as a fairly accurate gage 
if the bile concentration activity of the gallbladder, and consequently 
of the presence or absence of gallbladder stasis. 








HE VITAL CAPACITY OF THE LUNGS AND ITS 
SIGNIFICANCE IN HYPERTHYROIDISM * 


( A. McKINLAY, M.D 


MINN 


While a growing number of reports indicate extensive study of the 


vital capacit f the lungs in cardiac and pulmonary disease, tewer are 
available in hyperthyroidism. In consideration of mecreased circulatory 
demands and cardiac stress, as well as the increased total ventilation « 
the gs in hyperthyroidism, this report was thought to be justified 
Frequent references to the reduction of vital capacity ot the lungs 
cardiac decompensation that occurs even before the physical signs ot 
circulatory stasis have become apparent have been found. Since the 
\\ Hutchison ' it has been suggested by Siebech ? that the reduc- 
t! vital capacitv is due to engorgement of pulmonary vessels with 

eolar fixation; by Ulrich and Nathanson ® that it may be present 
fore signs of edema appear at the lung bases; by Burton-Opitz * that 
a marked decrease in vital capacity actually signifies cardiac decompen 
sation ; and by McClure and Peabody ° and by Levine ® that the decrease 
may be present with noncongestive types of myocardial insufficiency, as 
shown in angina pectoris. Aside from the cardiac causes of diminished 
vital capacity, those due to pulmonary and pleural disease are men 
tioned, but will not be directly considered in this paper. In hyper 
thyroidism, respiration is altered early in the course of the disease as is 
shown by greater minute volume of pulmonary ventilation associated 
with increased metabolism, and possibly with myocardial involvement 
as progression occurs 


‘ase the vital capacity was over SO per cent. of normal in five, and 


Peabody and Wentworth‘ reported that of seven cases of Graves 
| 


1+ 


between 67 and 75 per cent. in two. In all, the decrease in vital capacity 


corr 


1686 


Lu 1 
1954 


MW «llitl 4 


esponded to the tendency to dyspnea. Recently Rabinowitch * 


* From the Department of Medicine, University of Minnesota 

l. Hutchison, | Med. Clin. Fr. London 29: 139, 1846 

2. Siebech, R Deutsch. Arch. f. klin. Med. 100:204, 1910 

3. Ulrich, H. L., and Nathanson, M. H Minnesota Med. 4:721 (Dec.) 


4. Burton-Optiz, Russell: The Vital Capacity of “Cardiacs,” J. A. M. A. 78: 
(June 3) 1922 

5. McClure, C. W., and Peabody, F. W Relation of Vital Capacity of 

s to Clinical Condition of Patients with Heart Disease, J. A. M. A. 69: 

(Dec. 8) 1917 

6. Levine, S. A Angina Pectoris, J. A. M. A, 79:928 (Sept. 16) 1923 

7. Peabody, F. W., and Wentworth, J. A Clinical Studies on the Respira- 


x 


tion, Arch. Int. Med. 20:468 (Sept.) 1917. 


8. Rabinowich, I. M.: The Vital Capacity in Hyperthyroidism with a Study 


of the Influence of Posture, Arch. Int. Med. 31:910 (June) 1923. 
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reported a study of the vital capacity of sixty patients with Graves 
isease and found reduction parallel to the severity of the disease as 
easured by the basal metabolism. 
Peabody * and co-workers have studied, in twelve young men, the 
iximum minute volume of pulmonary ventilation following exercise, 
| found it to be a factor of the vital capacity, which may be taken 
sits index. They call attention to the fact that the minute volume has a 
s¢ relationship to the fundamental processes of metabolism, indicating 
broader physiologic significance than the vital capacity determinatiot 
rie It had also been observed by Peabody and \Wentworth that 


he minute volume of pulmonary ventilation at rest and the vital capacity 


the lungs have no relationship, except that in patients with the vital 
ipacity below 60 per cent. of normal, the minute volume was quit 
nstantly increased 

The pulse rate, on account of its acceleration and the increased 


ulatory demand in exophthalmic goiter, has been studied in relation 


i¢@ minute volume of pulmonary ventilation, vital capacity of the 
gs and basal metabolism. Clinical estimation of the severity ot thi 
isease has been made, especially with reference to cardiac signs and 
evidence of myocardial insufficiency No cardiac functional tests 
ere done. Hence, in the absence of signs of decompensation or rales 
the lung bases, and, in many patients, of demonstrable cardiac hyper- 
phy, symptoms including dyspnea, palpitation, and rapid heart have 
een interpreted as indicative of cardiac embarrassment. It should be 
mentioned that the patients with marked cardiac symptoms often had, 
addition, evidence of nervous system involvement including psychi 
nd emotional changes 
lhe patients were seen either in dispensary or hospital service. Thi 
uration of illness was possibly longer than in patients seen in privat 


oh 


ractice. No conscious selection of cases was made. It was thought not 
ustifiable, however, to obtain data from a few severely toxic patients 
vho came under observation during the period so they were omitted 
Chere were thirteen males and forty-four females whose age limits 
varied from 11 to 59 years. In forty-eight, the diagnosis was exoph- 
thalmic goiter and in nine toxic adenoma. 

ight deaths occurred in the cases presented. One of these was due 
to collapse of the trachea and was not associated with thyroid toxemia. 
()f the seven so associated, three died within twenty-four hours after 
surgical treatment, one thirteen days thereafter and three before its 
institution. Clinical evidence pointed to severe toxicity in four of these 
patients ; in three, the prognosis had been considered good. 

9. Sturgis, C. C.; Peabody, F. W.; Hall, F. C.. and Fremont-Smith, F 
Clinical Studies on the Respiration, Arch. Int. Med. 29:236 (Feb.) 1922 

10. Peabody, F. W., and Wentworth, J. A.: Ibid. 
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Studied 





Cardiac 
S\ ptoms 

None recorded 
Palpitatio 
Palpitation, weakness 
Weakness, palpitation 
Palpitation, death due 
to collapse of trachea 
Weakness, palpitatio 
Palpitation, weakr 
Dyspnea, tachyveardia 
Palpitation, 





ea, palpitation, 
ae hypertrophy 





Dyspnea, veaukness, 
eerdiac hypertrophy, 
died 

Weakness. palpitatic 
Palpitatic weakness 


Syncope 
weak! 


Not obtained 





dyspnea ik o 


owing operatio 


Palpitatior 
Weakness 

Weakness 
Palpitation, dyspnea 
Palpitation, dyspnea 
Weakness, palpitatior 
Dyspnea 

Weakness 

Dyspnea, weakness 


Weakness, palpitation 





Palpitation, d ea, 
death: postmorter 
no cardiac hyper 


trophy 
Dyspnea, cough, palpi 
tatior 
Weakness, 
previous edema of 
ankles, roentgen ray, 
heart normal outline 
Slight dyspnea, palpi- 
tation, fatigue 
Dyspnea, palpitation, 
weakness, death fol- 
lowing operation 
Palpitation 

Weakness 

Weakness, palpitation, 
tachyeardia 
Palpitation 

Dyspnea, weakness, 
palpitation, has had 
edema 

Palpitation, weakness 
Dyspnea. palpitation, 
weakness 


dyspnea, 
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TasLe 1.—Material Studied—( Continued 
Basal Minute Minute 
Vital Meta- Volumeof Volume 
Capacity, bolic Pulmonary Divided 
per Cent Rate, la by 
Cas Pulse of per Cent tion, Surface Cardia 
No. Name Sex* Age Rate Normal Plus Liters \rea Symptoms 
iv FP. I ‘ 4 ‘) 76 4.40) Weakness, possible 
complheating factor 
of old fibroid tuber 
culosis 
L. & 19 116 to sf >.1M Dyspnea, weakness 
A. S i l 7 ry 7 
LI 1 7.8 1.50 Dyspnea, weakness, 
swelling of ankles 
(. ¢ . " i i i 44 Weakness 
i EE. B , li o7 4 7.4 110) Dyspnea, weakness 
WwW. F ‘ 1 l ’ Palpitation only 
\. O.+ Ss 75 8. 88 Palpitation, preeordia 
pain, normal card 
outline 
I.8 l 7 4.82 Dyspnea, palpitation, 
precordial pain, deat 
following ope ! 
In this column, ndicates male: &, female 
+ Diagnosis was toxic adenoma in cases marked with dagger: in all others, exoplhti ( 


METHODS 


The basal metabolism was obtained by the Tissot method with the 
use of the Haldane apparatus. The values for the minute volume of 
pulmonary ventilation were taken from the same records. These values 
were arbitrarily divided by the surface area obtained by DuBois and 
height and weight chart. It was thought that values relatively 


DuBois ! 
more accurate could thus be obtained than is possible without considera- 
tion of height and weight. The patients were prepared in the usual 
manner: in the postabsorptive stage, from twelve to fourteen hours 
after any food intake, and after a twenty minute rest period. The pulse 
rates were taken after at least twenty minutes of rest. The vital capacity 
readings were usually obtained with the patient standing and the highest 


TABLE 2.—Control Serics 


td “4 ry su ~ St 
101 7 87 > ” 1] 
a ~ 77 ~ ST 77 
105 ll 4 117 , & 
125 & ll YP & ® 
r x 84 Su 1 RT 
we re ‘ As s1 100 
76 R5 s ~ 106 1 


of three attempts was recorded. ‘The standards used were those of 
West,’* and the application made by the simplified method of Myers." 
A control series (Table 2) of forty-eight cases with colloid goiter was 
11. DuBois, D., and DuBois, E. F.: A Formula to Estimate the Approximate 
Surface Area if Height and Weight be Known, Arch. Int. Med. 17:863 (June) 
1916. 

12. West, H. F.: Clinical Studies on the Respiration, Arch. Int. Med. 25: 306 


(March) 1920. 
13. Myers, J. A.: Am. Rev. Tuberc. 7:161 (May) 1923. 
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lm 


included to show the vital capacity values obtained under similar technic. 


[his series gave an average of 90 per cent. of the normal with 75 per 
cent. as the lowest single variation. 


This table represents forty-eight cases of colloid goiter, 6 males and 


$2 females, chiefly young adults. The values represent vital capacity 
per cent. of normal. The numerical average was 90 per cent., with 


the low extreme of 75 per cent. 
In Chart 1 it is seen that in women the vital capacity has a tendency 
fall with increase in the basal metabolic rate, although there is wide 


ariation in the vital capacity of individual cases. 
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Chart | The greater average reduction of the vital capacity in women, 
vith increase of basal metabolic rate; also grouping of fatal cases. Fatal cases 
, , 7 
marked with *. Death due to collapse of trachea in case marked 


In Chart 2, which includes men and women, an increase is found in 


the line of averages between the metabolism rates of 40 and 50 per cent. 
his increase is interpreted as due to the incidence in a small group of 
young men with hyperthyroidism of short duration, which was well 
tolerated clinically and in whom the vital capacity was normal. Less 
often was the vital capacity normal in women in the same series, 
and less often were women able to carry on work without marked 
fatigue and dyspnea. The patients with signs of severe toxemia all 
showed marked reduction of the vital capacity. Its reduction in all fatal 
cases of thyroid toxemia amounted to not more than 66 per cent. of 
the average normal standards. (Of the total number of cases with the 
vital capacity of 66 per cent. below the standards used, the mortality 
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Chart 3.—The greater average reduction in the vital capacity, with increase 
t pulse rate, also grouping of fatal cases 
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rate was about 33 per cent. It will be noted also that all patients with 
the basal metabolism above 66 per cent. of the average normal capacity 
showed reduction of the vital capacity below 70 per cent. of normal 
()f patients whose vital capacity was below 70 per cent. of normal, a 
much greater proportion showed marked signs of cardiac insufficiency 
and demonstrable hypertrophy. Dyspnea was more marked, tachycardia 
increased 

More constant is the relationship between increased pulse rate and 
decreased vital capacity as is shown in Chart 3. Averages show that 
with increasing pulse rates the vital capacity diminishes. The fatal cases 
are all grouped together. All show pulse rates of 112 and above, with 


the vital capacity reduction as before mentioned 
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Chart 4.—The absence of correlation between the vital capacity, and the 
minute volume of pulmonary ventilation per square meter of body surface area 
at rest. 


No correlation is seen between the vital capacity and the minute 
volume, although it is to be noted in Chart 4 that there were no patients 
with a vital capacity below 60 per cent. of normal in whom the minute 
volume fell below 4 liters per square meter of body surface. There 
were, however, sixteen patients with the minute volume of less than 4 





liters per square meter of body surface area and vital capacity above 
60 per cent. of average normal standard. 


COM MENT 


In the absence, chiefly, of diseases of the lungs and pleura, reduction 


of the vital capacity of the lungs had generally been considered to 





a | 


dicate cardiac decompensation. 
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li In none of the patients studied were 
und either physical signs of congestion at the lung bases or edema ot 
Karly in circulatory stasis such signs may not 

Th 


Lic 


e subcutaneous tissues. 
present at a time when the vital capacity is definitely reduced. 
tal capacity reductions have been interpreted as indicative of cardiac 
ompensation or subcompensation, and have pointed thereto more 
same value of vital 


rely than physical examination alone. The 
~+4] 


cardiac involvement associated w 


icity determinations obtains in 
The prominence of 


phthalmic goiter, as in that due to other causes. 
chyeardia, cardiac hypertrophy, and dyspnea, associated with reduced 


tal capacity in the fatal cases, has indicated that cardiac failure has 


laved an important part in causation of death 


It seems to be worthy of stressing that all patients with high basal 
etabolic rates, with one exception, showed very definite reduction of 
(on the other hand, in patients with lower rates, death 


e vital capacity 
urred only in those whose vital capacity was below 70 per cent. ot 
mal. In the patients studied, prognosis would appear to depend not 
much on the degree of increase of the basal metabolism above 30 
as on the reduction of the vital capacity below 70 per ce 


ent nt 


ormal. The vital capacity reduction has therefore distinct prog 


stic value 
The lack of any definite correlation between the minute volume 


ulmonary ventilation at rest and the vital capacity of the lungs 1s 


Lhe 


f the determination that the maximum minute 
lume is a factor of the vital capacity in healthy young men. The 
servation of Peabody and Wentworth that in cardiac decompensatiot 
f normal the minute 


rthy of note, in view o 


hen 
{ i 


the vital capacity fell below 60 per cent. « 
ume was always increased, held true also in the patients in this series 
ith hyperthyroidism. 

The reduction in vital capacity in the cases studied appears to be 
ue to cardiovascular insufficiency. It seems reasonable to consider that 
lecreased vital capacity and increased pulse rate are partly of myocardial 

va 
A 


This is indicated by the preponderance of cardiac signs an 


rigin. 
of the vital capacity 


symptoms in the patients with marked diminution 
Such explanation is in keeping with the clinical experience of numerous 
bservers. That a lower vital capacity may be an important factor in 
the production of dyspnea in hyperthyroidism, as suggested by Rabin- 
witch, seems unreasonable except in the possible instance of hyper- 


ws 
“so 


thyroidism coexistent with extensive pathologic change of the lu 
sufficient in itself to cause a marked reduction. Careful study will 
robably reveal that in the great majority of cases the dyspnea and vital 
capacity reduction are proportional to the reduction of the functional 


capacity of the heart. 
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ti 
m 


Ct 


increased pulmonary ventilation associated 


No special comment appears to be necessary concerning the correla- 


m of increase of pulse rate and basal metabolism, of pulse rate and 


inute volume, and of the minute volume and basal metabolism. Such 
rrelation is evidence, in part, of increased circulatory demand and 


| with the supply of large: 


amounts of oxygen to the body and removal of carbon dioxid there- 


1. Marked reduction of the vital capacity of the lungs below 70 pet 


ix 


nt. occurred in a great majority of severely toxic cases of hype 


2 In the patients studied, reduce dl vital Capac 
} 


re definitely to bad prognosis than did the degree of increase of the 


vasal metabolisn 


3. The minute volume of pulmonary ventilation at rest was not 


’ ’ 
r of the vital capacity 











THE NASAL ACCESSORY SINUSES IN 
CARDIOPATHIES * 


PRELIMINARY REPORT 


JOSEPH W MILLER, M.D 


NEW YOR} 


(Through the courtesy of the chief of the otologic service, Dr. Samuel 
Kopetzky, I was enabled to examine the nasal chambers and accessory 
nuses in a great number of cadavers. While some of the findings were 

interesting, as they were not recognized before death, others were 
<tremely important because they had a direct or indirect relation to 
e disease of the patient. 

\lost of us recognize the significance of, and take for granted the 
lation of focal infection to a great many general affections of the 
ly. Every day we find newly discovered foci of infections. The 
portant ones we have in the teeth, the tonsils, the sinuses, the prostate 

the appendix. Each of these may become infected and produce 
xins that may be carried through the blood to other parts or organs 
the body. And as a result, we have the various forms of rheumatism, 
me varieties of heart disease, a number of the arthritedes, several 
rms of kidney disease, peculiar affections of the eve, chorea infantum 
d a good many other infections. More and more we are beginning 

realize that an abscess cavity, although walled off and circumscribed, 
elds to the system toxic substances through the very walls enclosing it, 
ia the capillaries and lymph channels. 

These focal infections are sometimes overlooked, either through 
irelessness or accident. Especially is this so when a patient is 
rought to us acutely ill, with stormy symptoms, such as is observed in 
cute vegetative endocarditis. We are then so concerned with the pulse 
nd temperature, the blood pressure, the blood culture and the electro- 


rdiograms, that we quite forget to study the condition which may 


perhaps be the etiologic factor in the case, as, for example, the accessory 


1 


asal sinuses. 

Recently, arrangements have been made at the hospital that every 
ew case should be thoroughly and completely examined by a trained 
ar, nose and throat specialist. In this manner very interesting facts 
ave been brought to light. Children sent in to the hospital with a 
entative diagnosis of “pneumonia” had their ear drums incised, and 
hey recovered from an acute attack of otitis media. In other patients 


*From the Otolaryngological Department of the Beth Israel Hospital. 
“Read before the Beth Israel Hospital Alumni Association, March 27, 1924. 
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we found nasal pathologic changes suggestive of sinus disease, such as 
polypi, discharge, crust formation and a parched and glossy rhino- 
pharynx. Advice was offered and proper care given to those patients, 
whether or not the findings had any relation to the disease in question. 
Furthermore, at necropsy, many cases were examined from the medical 
services of the hospital, and results recorded. 


Of the many cases I have examined two were very interesting. 


REPORT OF CASES 





Case | \ young woman was admitted to the hospital on May 9, 1922, witl 
a diagnosis of chronic cardiovalvular disease. In the history, no complaint was 
made about the nose and throat in the present or in the past. The patient's most 
important subjective symptoms were: Pain in both feet for the duration of one 
year. Precordial pain for the duration of seven weeks. Pain in the back, lasting 
for four days. Pain in both hands for one day 
the physical examination we found the following ars There was nm 
mastoid tenderness or discharge. Nose There was no nasal discharge or 
obstruction. Teeth Were in good condition with few missing. The pharynx 
was congested and the tonsils were not visible 
The patient entered the hospital with a temperature of 100.6, which reached 
the highest point of 102.6 on the second and third day, then it gradually cam 
down but only reached normal on May 20, 21, 22, 24 and 31. Her pulse on 
admission was 124 (the most frequent) and varied between 80 and 112. She 
was discharged from the hospital on June 7, four weeks after admission, with a 


temperature of 69 and a pulse 104 
From the foregoing one can readily see that the accessory sinuses having been 


e was discharged from 


reported negative, no roentgengram was taken of them, sl 
the hospital apparently improved. 

The patient was then sent to the country for three weeks and returned in a 
much worse condition than when she left. The condition became progressivel 
worse, and on November 1, she was readmitted to the hospital 

Her chief complaint now was dyspnea and cough. The temperature was 105 
ind pulse 134. A diagnosis of lobar pneumonia, acute endocarditis and chronic 
ardiovalvular disease was made. 

In the physical examination we found the following: Head: Bony structure 
and scalp normal \ccessory sinuses normal. Ears and nose normal. Teeth 
well taken care of and in fair condition. Pharynx congested, tonsils atrophied 

\gain we read the accessory sinuses were declared flatly negative and con 


sequently no roentgenogram was advised. Since no pathologic change was seen 
by the examiner it was taken for granted that no infection was there. 

\ blood culture was taken and reported sterile. The course of illness was 
stormy and the patient died, November 7, on the seventh day of her stay in the 
hospital 

\ necropsy was done the same day. While the house staff were examining 
the abdominal and thoracic organs, I proceeded to investigate the nasal chambers 
and accessory sinuses. My findings were as follows: Nasal chambers narrow, 
niddle turbinates swollen, and between these and the lateral nasal walls strings of 
thick greenish pus were present. The septum was in the median line. Both 
maxillary sinuses were then opened through the canine fossae, and I was 
astonished to find both chambers filled with thick greenish pus resembling cream 
cheese. The mucous membrane lining the sinuses was found degenerated and the 
overlying bone abnormally thick and brittle. The mucous membrane was in parts 
dark green, the characteristic color of gangrene. The odor was very offensive 
The ethmoidal labyrinth showed a hyperplastic ethmoiditis and the sphenoid and 
frontal sinuses were empty. 


























WILLER—NASAL SINUSES 179 


Analyzing the foregoing findings one may justly assume that the patient had 
double purulent maxillary sinusitis for many years. Furthermore, we may 
laim that the involvement of both maxilliary sinuses gave rise directly or indi 


rectly to the cardiovalvular disease. 
It may be of academic interest to give here the report of the pathologic 
boratory. Anatomic diagnosis: Acute vegetative endocarditis, chronic con- 
Micro 


estion of the lungs, chronic congestion of liver spleen and kidneys 


copically, no bacteria were found. 
\ man aged 49, was admitted to the hospital on 
complicated by chronic 


) 
iN 


Case 2 April 4, 1923, wit 


gnosis of chronic valvular disease 
His principal complaint on admission was dyspnea of 


parenchymatous 


ive weeks dura- 








ephritis 
weakness, cough and hemoptysis. 


There was nothing in the history that would suggest intranasal or sinus 
The physical examination likewise coincided with the 
movements normal, nm 


history 


ithologic change 
abnormalities ; ocular 
Pupils equal, regular, and react to light and in accommodation, 

normal to external examination. Teeth in bad condition, breath 
tongue dry and coated, tonsils cryptic and pharynx congested. The rest of 
it has no significance in this paper \ 


read as tollows: Head no 
Vstagmus 
ars and nose 

eXamination was not important, as 

od culture was taken and reported sterile. 

\s this patient entered the hospital following the introduction of the system 
hereby each incoming patient had to be examined thoroughly by a trained nose 
\. A. Schwartz to examine this patient. His 

Atrophic rhinitis, large crusts in left nares 
Tonsils enlarged and 
ecchymosis found over anterior pillars. Vocal cords 
Recommend roentgenogram of 


( 
nd throat specialist, it fell to Dr 
follows 


lings are recorded as 
Pus on pressure over right tonsil 


nd pus in both nares. 
ibmerged. On pressure, 
reddened. No ulcerations or masses 
Unfortunately, this good advice was never heeded. 

seventeen days after admission 


ightly 
nuses 
The patient died, April 21, 
btained for necropsy, which was performed the same day. 
Necropsy tindings Nasal chambers roomy, mucous membrane covered here 
there with crusts. floor of right 
isal chamber. ‘Jurbinates normal in size, 
and lateral nasal wall on right side 
I found the cavity 
labby, 


Permission was 


Slight amount of purulent discharge on the 
septum straight. A small polypus 
as present between middle turbinate On 


pening the right maxillary sinus through the canine fossa 


alf full of pus. On removing it, the 
legenerated, and studded with polypi. These were especially 

inction between the floor and nasal wall of the antrum. The left antrum an 
the other accessory sinuses were found to be negative. 
laboratory report: acute vegetative endocarditis, 
liver, spleen and kidneys. 


mucous membrane was found ft 
numerous at the 


\natomic diagnosis and 
hronic congestion of lungs, chronic 
no bacteria found. 
misunderstood in claiming that had thes« 


congestion of 


roscopic examination : 
Of course I would not like to be 
ises been roentgenogrammed, a diagnosis made, and the pathologic changes 
But at least we should have had 


radicated, the patients would not have died. 
satisfaction of knowing that everything possible had been done and that 


the 
nothing in the cases had been overlooked. 

Case 3—A young woman (age not given), entered the hospital on Aug. 
28, 1923, with a history of having had rheumatic fever ten years ago. She was 
brought in so seriously ill that a detailed description of her subjective symptoms 
Suffice it to state that, objectively, dyspnea, orthopnea, cyanosis 


were impossible. 
Her only complaint was pre- 


ind edema of the lower extremities were present. 
cordial pain. 

lhe physical examination read as follows: 
adult woman acutely ili, deeply cyanotic, orthopneic and dyspneic. 
Head: Scalp normal. Eyes: No ptosis, nystagmus 


General appearance that of an 
Respirations 


rapid, body cold and clammy. 
Pupils regular, round, equal and react to light and in accom- 


or strabismus. 
The rest of the physical examination is not important 


modation. Ears, normal. 
n this paper. 
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The patient lost ground rapidly and died on August 30, two days after 


admission 


At necropsy on the following day was revealed polypoid degeneration of the 
middle turbinate, which was covered with purulent secretion. The left maxillary 
sinus, opened through the canine fossa, showed the cavity filled with pus an 
polyp ll the other accessory sinuses were empty As this patient was only 
in the hospital two days and was admitted in a dying condition, there was 1 
time to investigate the nasal accessory sinuses by a competent nose and throat 
specialist Nor was there much time to do the many other laboratory 
clinical investigations. | mention this case merely to show the relation of sin 
involvement to cardiac disease and the probability that this case might have ha: 
sinus empyema for a number of years, even antedating the attack of acut 
rheumat eve 


CONCLUSIONS 


Having read the foregoing, one must conclude that a relation appar 
ently exists between sinus empyema and cardiac disease, especiaily 
chronic valvular disease and subacute bacterial endocarditis. Not enough 
scientific work has been done on this interesting subject thus tar. The 
bacteriology of the affected maxillary sinuses was not studied partly 
because the blood cultures in the before mentioned cases were sterile, 
and partly because I was not quite prepared for the unexpected findings 
However, this important link will be the subject of a subsequent paper 

The literature on the relation of sinus disease, especially sinus 
empyema, to various affections of the heart is rather scanty. Having 
consulted a cardiologist, Dr. Morris H. Kahn, on this subject, 1 was 
advised, following a scrutiny of the literature, that almost nothing has 
been written on this subject. Babcock? cites three cases of myocardial 
involvement apparently due to abscessed teeth. In two of the cases 
Strepto is viridans was found, following the removal of the 
offending teeth. In all of the three cases an autogenous vaccine was 
prepared and administered, the patient’s cardiac involvement clearing 
up entirely. 

Lichty * cites cases showing the relation of functional and organic 
disease of the heart to disease of the appendix and gallbladder. He also 


advices surgery and the use of vaccine. 


SUMMARY 


Three cases of maxillary sinus empyema have been demonstrated 
postmortem, in patients dying from cardiac disease. In none of these 
cases has the sinus involvement been recognized before death. 

A roentgen-ray examination of the sinuses is very important in all 
cases of cardiac disease, but especially so in chronic valvular affections 
and in subacute bacterial endocarditis. The nasal chambers and acces- 
sory sinuses should be thoroughly investigated by a competent nose and 


throat specialist. 





1. Babcock, R. H.: New York M. J. (Dec. 2) 1916 
2. Lichty Ohio State M. J. 40:747-842, 1915. 
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Moraezewski,' in 1895, demonstrated abnormally low valu 
il phosphorus content of the whole blood in certain cases cance! 
these findings suggested to Groebly * and others that diagnosti 
gnificance might be attached to the phosphorus content of the blood 
iroebly has reported an increased total phosphorus content ot 
hole blood of patients suffering from cancer, and at the same time has 

r red corpuscles 


the 


gnized a relationship between it and the number of re 
r unit volume of blood. To show this relationship he has made use 
what he terms the “phosphorus quotient” represented by the expres 

as phosphorus pentoxid, 


1 


P/R, where P is the total phosphorus, 
R is the number of 


Groebly considers that 
2 and that it 


| 
millions of re 


10 c.c. of whole blood and 
in normal 


rpuscles in 1 ¢.mm. of blood. 


sons the phosphorus quotient ranges from 2.64 to 2.9 
a higher value, usually over 3.17 in cases of cancer. Recentiy, 
have published the results of an inves 


rschutz and Vorschutz tiga- 
in which they state that, although the total phosphorus content of 


f diagnostic 


e whole blood may be normal in patients with cancer, the phosphorus 


iotient of Groebly is uniformly high and is therefore 


mportance. 
Che work of these authors suggested to us that determinations of the 


osphorus quotient might be of great clinical value and, in the hope 


f confirming their work, a study was made of the blood phosphorus of 
persons afflicted with cancer. It was obvious from the outset, however. 
view of the relationship implied in the phosphorus quotient that the 
rsons studied as controls should include not only healthy persons, but 


P. Huntington Memorial Hos- 
metabolism from the 
investi- 


Service of the Collis 
of studies in 


*From the Medical 
The expenses of this 


pital. This paper is No. 16 of a series 
Harvard Medical School and allied hospitals. 
gation have been defrayed, in part, by a grant from the Proctor Fund of the 
Harvard Medical School for the study of chronic diseases. 

1. Moraczewski, W.: Virchows Arch. f. path. Anat. 139:385, 1895 

2. Groebly, W.: Arch. f. klin. Chir. 115:261 (Feb.) 1921. 

3. Vorschiitz, Johannes, and Vorschitz, Jos.: Deutsch. med. Wehnschr. 48: 


861 (June 30)) 1922: ibid., Arch. f. klin. Chir. 115:261, 1921. 
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also patients with anemia and polycythemia due to various causes, as 
well as cases of a nonmalignant nature not exhibiting anemia. Such 
cases as arthritis, leukemia (except one case), nephritis, etc., in which 
a disturbance of the phosphorus metabolism is known to occur, have 
been excluded from our series of cases. 

In view of the current widespread interest in the inorganic phos- 
phorus content of the blood, a determination of this also was included 
in the study. 

PROCEDURI 


t 


With the methods and technic described below, determinations of the 
inorganic phosphorus content of the whole blood and plasma were made 
in twenty-one cases of cancer and forty control cases, and of the total 
phosphorus content of the whole blood and plasma in seventeen cases of 
cancer and twenty-eight control cases. The phosphorus content of the 
corpuscles was calculated from the determined values of phosphorus 
in the whole blood and plasma and the percentage by volume of 
corpuscles. 

Blood from a vein was obtained under liquid petrolatum in the usual 
manner, neutral potassium oxalate being used as an anticoagulant.* 
\fter thorough mixing, samples of blood were withdrawn from the 
container for determination of the total phosphorus and inorganic 
phosphorus content of the whole blood and the percentage by volume of 
corpuscles. The remainder of the blood was then centrifugalized for 
twenty minutes at a speed of about 1,800 revolutions to the minute, and 
the supernatant plasma removed for the determination of its content 
of total and inorganic phosphorus. 

The percentage by volume of corpuscles was determined by means 
of an improvised hematocrit, consisting of a portion of a calibrated 
microburet, graduated to hundredths of a cubic centimeter. The read- 
ings in each case were made after the blood had been centrifugalized tor 
thirty minutes at a speed of two thousand revolutions to the minute. 

The total phosphorus was determined by the method of Bloor * and 
the inorganic phosphorus by the method of Bell and Doisy.’ All values 
for phosphorus are expressed as milligrams of orthophosphoric acid 
(H,PO,), per hundred cubic centimeters of whole blood, plasma or 
corpuscles, except that in calculating the phosphorus quotient the phos- 
phorus is expressed as phosphorus pentoxid (P,O,). 


4. As suggested by Denis and von Meysenbug the quantity of potassium 
oxalate was restricted to 0.1 c.c. of a 20 per cent. solution to each 15 c.c. of 
blood. 

5. Denis, W., and von Meysenbug, L.: J. Biol. Chem. 52:1 (May) 1922. 

». Bloor, W. R.: J. Biol. Chem. 36:33 (Oct.) 1918. 
7. Bell, R. D., and Doisy, E. A.: J. Biol. Chem. 49:263, 1921 
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The percentage of hemoglobin was determined by the Sahli method, 
ith the use of a frequently standardized instrument, except in those 
ises in which there was a polycythemia, when the gasometric method 

Van Slyke * was used. All values for hemoglobin have been reduced 

the Haldane scale. 

E-numerations of the blood corpuscles were made in the usual manner. 


COM MENT 


rhe results of the determinations are shown in the tables and charts. 

the tables, the cases are arranged in order of ascending hemoglobin 
uues 

Inorganic Phosphorus——TYable 1 shows the results obtained in the 

ntrol cases, which include normal persons and those exhibiting differ- 

t degrees of anemia and polycythemia due to various causes. Table 2 
ows the results obtained in twenty-one cases of cancer. In both tables 
early all the values for inorganic phosphorus in the whole blood, 
lasma and corpuscles are within the normal limits given by Bell and 
koisy,’ Briggs,’ Bloor,’’ Tolstoi,'! Tisdall and Harris ?* and others. 
Such abnormal values as do occur cannot be explained from the data 
t hand, but they are obviously not specific manifestations of malignant 
isease or of anemia or of polycythemia. These facts are illustrated 
vraphically in Chart 1. 

Total Phosphorus —t\n Tables 3 and 4, respectively, are recorded the 
esults obtained from the determinations of total phosphorus in the 
vhole blood, plasma and corpuscles of control cases and of those with 
ancer. In each instance the phosphorus quotient, calculated according 

the formula of Groebly, is included. 

The values for the total phosphorus content of the whole blood, 
lasma and corpuscles of the five normal adults are in agreement with 
the normal values reported by other investigators. Although markedly 
ibnormal values, both high and low, do occur among the cancer cases 
and the control cases, it cannot be said that there is any definite tendency 
toward a specifically abnormal alteration of the phosphorus content of 
the blood in cancer. For the most part, it is the corpuscles that yield 
abnormal values for the total phosphorus content. Nucleated cells and 
platelets, as compared to mature red cells, are relatively rich in phos- 
phorus, but the differences in our cases in the numbers of the former 


8. Van Slyke, D. D.: J. Biol. Chem. 33:127 (Jan.) 1918. 

9. Briggs, A. P.: J. Biol. Chem. 57:351 (Sept.) 1923. 

10. Bloor, W. R.: J. Biol. Chem. 36:49 (Oct.) 1918. 

11. Tolstoi, E.: J. Biol. Chem. 55:157 (Feb.) 1923. 

12. Tisdall, F. F., and Harris, R. I.: Calcium and Phosphorus Metabolism 
in Patients with Fractures, J. A. M. A. 79:884 (Sept. 9) 1922. 
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elements in no way parallel the phosphorus content of the corpuscles. 
There were no cases with a white cell count of over 25,000 per cubic 
millimeter, nor are cases of leukemia included that have a high phos- 
phorus content of the corpuscles due to a large number of white cells. 
Immature red cells (reticulocytes, etc.) contain nuclear remains which 
might cause them to be richer in phosphorus than adult cells. In the 
two cases with the greatest amount of phosphorus in the corpuscles, the 
reticulocytes were 30 per cent. (Case 5, hemolytic jaundice) and 18 per 


cent. (Case 7, anemia due to blood loss) while no other case showed 
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Chart 1.—The lack of correlation between the inorganic phosphorus content 
and the hemoglobin content of the whole blood in all cases. Values for the 
control cases are indicated by the crosses ; those for cases of cancer by circles 


so many immature red cells. Though no entirely satisfactory expla- 
nation for the abnormal values for the total phosphorus content of the 
corpuscles can be set forth, it is quite possible that the high values are 
at least partially due to an increase in the number of immature red 
corpuscles. 

The most significant observation brought out by this study is the 
apparent relationship between the total phosphorus content of the whole 
blood and the level of the hemoglobin. This relationship is illustrated 
in Charts 2 and 3, in which the total phosphorus content of the whole 











TABLE 2 





BUCKMAN ET AL—BLOOI 

















Paste 1.—J/norganic Phosphorus as Ortl 
of Control Cas: 
HaP), 
Whok 
\ue Diagnosis Blood I 
8 Pernicious an Ls 
Pernicious 13.1 
» Pernicious : 11.9 
Pernicious : rp 
t)» Congenital Jaundice l 
» Renal caleul onic blood loss 10.8 
Duodenal uk acute blood loss 12 
19 Menorrhagia, nonmalignant OS 
4 Renal ealeulus, chronic blood loss ) 
Multiple myeloma 11.1 
Pernicious nia 124 
Pernicious anemia 6 
» Pernicious anemia 13.5 
” Pernicious anemia 14 
») Chronie thrombopenic purpura 10 
i> Erythremia (anemie phase is 
$ nicious anemia 6.6 
” hrombopenie purpura 11L.t 
; = disease 11.8 
7 «Tuberculous lymphadenitis 1 
*> Pernicious anemia 10.8 
» Hodgkin's disease 13.4 
4> Hodgkin's disease aD 
i Erythremia 7.1 
43 Hodgkin's disease ll 
il Tuberculous lymphadenitis 10.0 





Ss None 





* lntecti« 5 
ic lymphatic leukemia s.4 
Tuberculous lymphadenitis 8.58 
”~ Normal 1” 
; Normal 1S 
Normal 13.2 


" 


> Banti's disease y 
4 Myoearditis 11.3 
44 Erythremia 13.0 
~ Normal 11.0 
4 Normal 10.6 
4 Norma 9 
61 Erythremia 0 
” Erythremia 10.3 


Inorganic Phosphorus as Orth 


~ Cancer Case 


HsP0O, i 


Whole 


Diagnosis 


) PHOSPHORUS 


topnhosphori 


s 
ho C.c. of 
*lusina Cells 
11.1 
13 124 
12.1 Ss 
10.4 , 
10.0 Sf 
14 
11.5 16.4 
11. 7 
1 
10.8 1.1 
13.6 6.9 
14.5 ; 
14.0 , 
19 > 15.8 
10.9 2 


SI 4 
a4 14.9 
4 10 
4 17.4 
10.0 <6 
13.4 Ww 
2 7.6 
11.1 l 
13.0 7.¢ 


s.8 10.8 
ophosphoric 
¢ 
n lo C.c. of 


Age Carcinoma of Blood Plasma Cells 
™) Stomach 11S 12.7 1.9 
6 Cheek 0.6 10.1 8.9 
5 Cervix of uterus 10.3 18.4 
44 Cervix of uterus 8.1 v1 
wo Cervix of uterus 7.3 8.8 
62 Cervix of uterus.. 11.8 14.3 
64 Jaw... 9.9 10.9 
33 Bladder 2 10.7 11.6 
MB Stomach..... 9.7 8.2 
38 Cervix of uterus.. 9.7 14.8 
os Rectum... ae ; 7.9 7.9 
ST Pancreas.. 11.3 15.8 
65 eT 9.5 9.1 
40 Sigmoid.... . ; 13.8 17.8 
4 Breast...... . . : ‘a 8.2 10.3 
57 Breast ee Sones 11.4 10.7 
52 Breast and cervix of uterus 13.5 16.8 
os) Prostate... — 11.0 12.5 
55 Breast 10.2 9.8 
61 Larynx 11.8 5 


44 Breast 





Acid 


Red 
Bloo 





Red 
Blooc 
Count 


Million 


LS 


d 


ir 
in 


> 


in 


Hemo- 


globin, 


Hemo 
globin, 
per 
Cent. 


185 


of Ce 
“1 
16.9 
; 
1 
14.8 
4 
s 
it 
16.6 
4.4 
4 
i7 
42.1 
6 
47 s 
13.0 
68.1 
a 
4" 
44 
4 
6s 
) 
Percet 
age by 
Volun 
of Cell 








t 














186 ARCHIVES OF INTERNAL MEDICINE 


Paste 3.—Total Phosphorus as Orthophosphoric Acid in Blood of Control Cases 
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lood is plotted as a function of the hemoglobin percentage. In Chart 2, 
the results obtained in the control cases and the cases of cancer are 
dicated. In Chart 3, the parallelism between the total phosphorus 
ind the hemoglobin percentage is shown in one case of cancer of the 
tomach, treated by short wave-length roentgen-ray therapy, and in one 
se of multiple myeloma, which have been observed over a period of 
everal months. 

It might be argued that a closer relationship should exist between 

he total phosphorus content of the whole blood and the number of 
ed corpuscles in a unit volume of blood or the volumes percentage of 
d corpuscles than between the total phosphorus content and the hemo- 
lobin percentage. Cur data indicate, however, that such is not the 
se. The closest relationship obtains between the total phosphorus 
ntent of the whole blood and the hemoglobin percentage. Yet this 
elationship is only a general one and many unexplainable exceptions 
ccur. Were the total phosphorus content of the whole blood strictly 
irallel to the hemoglobin percentage, as future examination of the 
roblem may well show to be the case, then it would follow that, other 
ings being equal, the phosphorus content of the red corpuscles should 
e proportional to the color index. Our present results are too few, 
owever, to throw any important light on the apprehension of this 
iroblem. 

Whatever the ultimate outcome is, it is obvious that the dependence 

f the total phosphorus content of the whole blood on the hemoglobin 
ercentage is due to the preponderance of phosphorus in the corpuscles. 
\ccordingly, as the number of red corpuscles, and hence ordinarily the 
emoglobin content of the blood, increases, an increase in the total 
phosphorus content of the whole blood is to be expected unless some 
extraneous factor, e. g., rickets, nephritis or leukemia, etc., permits an 
undue alteration of the total phosphorus content of the corpuscles and 
plasma. That this is the case is shown in Tables 3 and 4 under the 
heading “theoretical” values for the total phosphorus of the whole blood. 
These values are calculated from the mean normal values for the total 
phosphorus contents of the plasma and corpuscles, and show a very 
definite approximation to the results obtained by actual analysis. 

The situation is entirely comparable to that which obtains in the 
case of the sodium chlorid content of the whole blood. Norgaard and 
Gram '* have shown that, owing to the preponderance of chlorid ion 
in the plasma, the chlorid content of the whole blood is greater in cases 
exhibiting anemia than in those with polycythemia. Moraczewski,' who 
published his results about thirty years ago, did not observe this inverse 
relationship between total phosphorus and sodium chlorid, but stated 


13. Nogaard, A., and Gram, H. C.: J. Biol. Chem. 49:263, 1921. 
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Chart 2.—The correlation between the total phosphorus content and_ the 
hemoglobin content of the whole blood in all cases. Values for control cases 
are indicated by crosses and those for cases of cancer by circles. The straight 
line represents the theoretic values for the total phosphorus content of the 
whole blood at different levels of hemoglobin content. These values are cal- 


culated from the mean normal values for the phosphorus content of plasma and 


cells, on the assumption that the total phosphorus content of the whole blood 
is a function of the hemoglobin content. 
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Chart 3.—The correlation between the total phosphorus content and hemo- 
globin content of whole blood in individual cases over a period of months. 
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that the phosphorus content of the whole blood decreases with a 
lecrease in the sodium chlorid content. Although our studies did not 
f the sodium chlorid content of the blood, in 


clude determinations « 
ew of the modern work of Norgaard and Gram and our own results 
ith respect to phosphorus, it appears reasonable to expect that as the 
tal phosphorus content of the whole blood rises the sodium chlorid 
ntent will fall. Further evidence to suggest that such is the case is 
hat following irradiation. Schlagintweit and Sielmann ‘* have shown 
at the sodium chlorid of the plasma falls while we ** have observed 

the phosphorus may rise. 

Phosphorus Quotient —It is in view of the considerations before 
entioned that the phosphorus quotient must be evaluated. As the 
tal phosphorus content of plasma, and of corpuscles in the patients 
ith cancer, and in the control cases of our series show no significant 
riations from each other, it is not to be expected that the phosphorus 
uotient will be altered in any important way in any one group of 
ises. As a matter of fact the mean value of the phosphorus quotient 

the seventeen patients with cancer was lower (3.40), not higher, as 
roebly ? and Vorschutz and Vorschutz* found, than the mean value 


3.89) for the twenty-eight control cases." 


CONCLUSIONS 


1. The total phosphorus content and the inorganic phosphorus con- 
ent of the whole blood, plasma and cells are not significantly altered 
cancer, 
2. The total phosphorus content of the whole blood is roughly 
parallel to the hemoglobin content in all persons in whom the values 
r the total phosphorus in the plasma and corpuscles are within normal 
imits. This parallelism is due to the preponderance of phosphorus in 
he red corpuscles. Immature red cells probably contain more phos- 
horus than adult ones. 
3. The phosphorus quotient of Groebly? and of Vorschiitz and 


\orschitz,® is of no value in the diagnosis of cancer. 


NoTE.—Since this paper went to press Zerner ** has published inves- 
tigations concerning the relation of the phosphorus quotient to cancer. 
ile recognizes a certain parallelism between the phosphorus content of 


4. Schlagintweit, E., and Sielmann, H.: Klin. Wehnschr. 1:2136 (Oct. 21) 


1922 

15. To be published. 

16. The values we have obtained for the phosphorus quotients as well as for 
the total phosphorus contents are somewhat higher than those reported by 
Groebly * and by Vorschiitz and Vorchiitz.® The difference is undoubtedly due 
to difference in the methods employed, and does not influence the conclusions 
that have been reached. 


17. Zerner, H.: Ztschr. f. Krebsforsch. 21:157 (Feb.) 1924. 
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the blood and the level of the red cell count, but concludes that the 
phosphorus quotient shows a specific elevation in cancer. Unfortunately, 
however, only two of his four control cases show any material reduc- 
tion in the number of red blood corpuscles. It would seem to us that, 
in the absence of adequate control cases, it is incorrect to attach the 


significance that he does to his results. 











MESOTHELIOMA OF THE PLEU’ A* 


ISOLDE T. ZECKWER, M.D. 


BOSTON 


The histogenesis and classification of primary malignant tumors of 
pleura has been the subject of much controversy. (pinion has been 
ided as to whether they should fall under the class of carcinoma 
sarcoma, or be placed in a separate group of endothelioma. The 
menclature of each author has been based rather on his opinion ot 
type of cell from which the tumor has arisen than on the grounds 
the histologic appearance of the growth. Against an embryologic 
ssification of tumors, Ewing ' urges that we consider the behavior of 
plastic cells as being influenced more by the acquired characters of 
cells of origin than by their embryologic derivation. He states that 
ology is not a department of embryology, but a separate chapter in 
biology of the cell. Similarly, Adler * believes that the structure 
a tumor is not dependent on its morphologic relation to the three 
rm layers, but that whatever tumor has the structure of carcinoma 
| behaves as a carcinoma, is a carcinoma, no matter whether derived 
m ectoderm, endoderm or mesoderm. Likewise, Marchand * believes 
extra-uterine pathology should not be tyrannized over by 
brvyology. 
\lthough there is a certain amount of justification for such views, 
nevertheless, 1s a fundamental fact that tumors exhibit definite 
iracteristics dependent on the embryologic development of the cells 
m which they arise. A classification based on morphology coincides 
ute accurately with one based on embryologic development. It is only 
the case of tumors arising from cells of mesodermal derivation that 
ere 1s an apparent discrepancy. The difficulties in the classification 
such tumors can only be solved if we recognize the fact that these 
tumors form a distinct group, outside of the class of carcinoma and 
ircoma. They have definite morphologic characteristics dependent on 
heir embryologic development, the cells exhibiting the ability to differ- 
itiate in more ways than one, giving a mixed type of growth. The 


primary malignant tumors of the pleura are a useful illustration of this 
*From the Department of Pathology, Harvard Medical School, and the 
thological Laboratory, Long Island Hospital. 
1. Ewing, J.: Neoplastic Diseases, Philadelphia, W. B. Saunders Company. 
1912, Ed. 2. 
2. Adler, I.: Primary Malignant Growths of Lungs and Bronchi, New York, 
Longmans, Green & Company, 1912. 
3. Marchand: Cited by Adler, Footnote 2. 
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fact, and from a study of such tumors it seems permissible to draw 
certain conclusions with regard to the nature of neoplastic processes 
occurring in cells of mesoblastic origin 

The variety of names applied to malignant pleural tumors indicates 
how much confusion exists with regard to the nature of the cell from 
which they are derived \ccording to many of the older German 
writers, following the lead of Schulz,‘ they are considered to be derived 
from the endothelium of the subpleural lymphatics and are designated 
as endothelial carcinoma. Glockner * upholds Schulz’s view with regard 
to the derivation from lymphatic endothelium but urges the use ot 
Eppinger’s term of “endothelioma” to exclude them from epithelial 
growths. Bohnheim," Ewing,' and many others follow this classifica 
tion, although there is no conclusive evidence that the lymphatic chan 
nels are actively concerned in the process. Others, such as Bloch, 
believe that these tumors arise from the lining cells of the pleura and 
likewise call them endotheliomas. Such a classification disregards exact 
embryologic terms. The majority of writers, including Aschoff,” Kauf- 
mann,” and Herxheimer,'’ believe that they may arise both trom sub 
pleural lymphatics and the “endothelial” cells lining the pleural cavity, 
and use the term endothelioma to cover both possibilities. Cn the other 
14 


hand, Ribbert, Benda,'* Hansemann and (sutmann believe that 


they arise solely from the mesothelial covering of the lung and _ fall 
under the general classification of carcinoma. Adami,’ tollowed by 
others, uses the term mesothelioma to mdicate more exactly this origin 

Che tutility of trying to prove the pomt of origin 1s evident, so long 


~ 


as it has been impossible to study these tumors in the early stages. It 
seems, however, logical to believe that they arise from the mesothelial 


cells lining the serous cavities, as evidenced by their large surface of 
Schulz, R Das Endothelcarcinom, Arch. f. Heilk. 17:1,. 1876 
5. Glockner, A Ueber den sogenannten Endothelkrebs der serds 
Ztschr. f. Heilk, 18:209, 1897 

6. Bohnheim, P Veber sogenannte primare Pleuraendotheliome, Munchen 


med. Wehnschr. 51:74, 1904 


Si 4e 


n Haute, 


7. Bloch, M Le néoplasmes malins primitifs de la plevre, Thesis, Paris, 
19005 

8. Aschoff, | Pathologische Anatomie, Jena, Gustav Fischer, 1921, Ed. 5 

9, Kaufmann, E.: Lehrbuch der speciellen pathologischen Anatomie, Berlin, 


1904, Ed. 3 

10. Herxheimer, G., and Reinke, F., in Lubarsh: Ostertag Ergebnisse der 
Pathologie und Anatomie 16:225, 1914 

11. Ribbert, H.: Ueber Pleuratumoren, Virchows Arch. f. path. Anat. 196: 
341, 1909: Geschwulst-Lehre, Bonn, Cohen, 1904 


12. Benda, ¢ Ueber das primare Carcinom der Pleura, Deutsch. med. 
Wehnschr. 23:324 (May 20) 1897. 

13. von Hansemann, D.: Atlas der bésartigen Geschwulste, Berlin, 1910 

14. Gutmann, ¢ Beitrag zur Kentniss der primaren maligner Tumoren der 


Pleura, Deutsch. Arch. f. klin. Med. 75:337, 1903 
15. Adami, J. G.: Principles of Pathology, Philadelphia, Lea & Febiger, 1908. 
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rigin, their unique histologic appearance, which is quite different from 

hat of tumors known to arise from Ivmphatic endothelium, and by the 

ict that the submesothelial tissues are uninvolved in the process, except 
direct invasion. 


The entire group of malignant neoplasms of the pleura are of rare 


i 


urrence. Wagner '® reported the first case in 1870, not recognizing 
is a tumor, but considering it a pseudotuberculous infection. Later, 


Schulz * examining Wagner's case described it as endothelial carcinoma 
Since then various cases have been reported, chiefly in the German 
terature, often as dissertations, under a variety of names. Many ot 


mm 


e early cases are doubtful, some lacking microscopic examination, 1n 
thers a primary tumor elsewhere is not excluded. Glockner,’ in 1897, 
ade a systematic search of the literature, tabulating and analyzing ali 
ises to date. He considered forty-two cases authentic, and added 
even cases of his own. Bloch,’ in 1905, made a similar analysis of 
eported cases and considered sixty-three cases (forty-seven endotheli- 
nas and sixteen sarcomas) authentic. Clarkson,"* in 1914, considered 
ly fiftv-one to be authentic. 

The rarity of the condition is likewise indicated by the fact that in 
829 necropsies in the Pathological Institute of Munich, only three 
ises of primary malignant tumors of the pleura were found ( Seydel '*). 

1911 there were only two cases on record at Johns Hopkins Hospital 
n 5,000 necropsies (Sprunt '). 

The case herewith reported is described because of its rarity, and 
ecause of certain interesting histologic features, which support the 
iew that tumors arising from cells of mesoblastic origin form a distinct 
roup, having certain individual characteristics which distinguish them 
from tumors arising from epithelium and connective tissues. Grossly, 
the appearance conformed to the classical description of so-called*endo 
thelhoma, in that the entire pleura of one lung was apparently simul- 
taneously involved in a dense, sheetlike extension of tumor enveloping 
he lung and pericardium. Microscopically, the cells exhibited poten 
tialities of differentiating in several wavs \lthough the predominating 
ells were large, spindle cells of fibroblastic type, other cells of epithelial 
morphology formed channels, while a further step in differentiation 
was presented by cells which contained large vacuoles, apparently repre 
senting actively secretory cells. 

16. Wagner, | Das tuberkelahnliche Lymphadenom, Arch. f. Heilk. 11: 
497, 1870 

17. Clarkson, F. A.: Primary Endothelioma of the Pleura, Canad. M. A, J. 
4:192, 1914 


18. Seydel: Ueber Operabilitat von Lungen- und Pleuratumoren, Minchen. 
med. Wehnschr. 77:452, 1910 
19. Sprunt, T. P.: Primary Carcinoma of the Pleura, Bull. Johns Hopkins 


Hosp. 22:289, 1911 
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REPORT OF CASE 


Clinical History —The patient was a woman, aged 57 years, whose chief 
complaint was weakness, and pain in the right side of the chest. The family 
history and previous personal history were unimportant. Just before admission 
she had fallen, after which she suffered considerable pain in the right side ot 
the chest 

Physical Examination The chief findings were malnutrition; dulness over 
the whole right side of the chest, with diminished breath sounds; a hard sub 





Fig. 1.—Low power photomicrograph of the tumor enveloping the lung, 


showing the predominating fibroblastic type of cell forming whorling strands 


cutaneous mass overlying the anterior portion of the third, fourth and fifth ribs 
of the right side and enlarged liver. Roentgenogram of the chest showed thick- 
ening of the hilum of the right lung and a dense shadow, which was interpreted 
as encapsulated fluid or an old empyema. The clinical laboratory findings were 
unimportant \ month after admission the patient became acutely ill, with 
elevation of temperature and physical signs of consolidation of the right lung. 
Death occurred on the ninth day. 

Vecropsy—Anatomic Diagnosis. Mesothelioma of pleura (right) with exten- 
sion to pericardium, thoracic wall, diaphragm, and peribronchial lymph nodes, 
and metastases to cerebral cortex and left adrenal; bronchopneumonia; chronic 











ZECKWER—MESOTHELIOM A OF PLEURA 195 
magnum. 


congestion of liver; herniation of cerebellum through forame1 


issive 
poorly nourished white 


The body was that of a fairly well developed, 
man. A hard nodular subcutaneous mass was palpable below the right breast 
apparently was fixed to the ribs. 
On opening the thorax, the left lung was voluminous and free 
he right lung and heart were bound together and the lung bound to the chest 
ill by a growth of dense tissue, which extended through the intercostal! 
ices, forming a mass, which was hard and nodular, over the third, fourth and 
fth ribs. The Jung had to be severed by knife from the thoracic wall 
The pericardial sac was obliterated by a narrow band of dense tissue 


of adhesions. 


+ mm 





Fig. 2—High power photomicrograph of the same section, showing actively 


proliferating cells of spindle form. 


in width, extending from the lung and enveloping the myocardium. This tissue 


did not invade the muscle at any point, but formed a straight line of demarca- 
tion, and appeared as an elevated ridge of translucent tissue of almost carti- 
laginous consistency continuous with the pleura of the right lung. The left 
lung was distended with air and had a smooth, glistening pleural surface. The 
pulmonary tissue was crepitant throughout, and the cut surface was pale, dry 
At one point was a small, irregular area of firm gray tissue, sug- 


and spongy 
pulmonary tissue. The 


gesting a tumor 0.7 mm. in diameter, surrounded by 
dependent portions of the lung were dark red, slightly increased in consistency 


nd the cut surface exuded frothy blood. 
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Che right lung and heart together weighed 1450 gm. The entire right lung 
was enveloped by a dense, almost cartilaginous sheet of tumor, which was con 
tinuous with that described surrounding the heart [his tissue was pak 
yellow, uniformly dense and homogeneous throughout, and formed a layer 
varying trom 1 to 3 cm. in thickness, This infiltrated the diaphragm, the tumor 
here forming a particularly thick layer, and presenting on the peritoneal sur 


face as slightly elevated nodules. The demarcation between tumor and lung 
was irregular in contour but sharply defined. At times it formed wedge-like 
extensions into the interlobar fissures, but only at one point was there a slight 
penetration into pulmonary tissue \ circumscribed spherical mass of tumor 





Fig. 3.—Tumor growing into an interlobar septum, where the tumor cells 
are of epithelial morphology, and are forming intercommunicating channels. A 
further step in differentiation is illustrated where signet ring cells, appearing 
at first sight as fat cells, occur among those of epithelial and fibroblastic type 


(Low power.) 


tissue, 3 cm. in diameter, lying in close relation to the arch of the aorta, of 
soft consistency, appeared to represent an involved lymph node. The tumor 
continued over the root of the great ve ssels to the pericardium and invaded 
extensively the mediastinal fat. The pulmonary tissue showed yellow granular 
areas of consolidation throughout which coalesced, while the intervening tissue 
was dark red. The bronchial mucosa was injected and roughened 
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Che left adrenal showed at one pole a mass of tumor tissue measuring 3 
by 2cm. This was pale gray, quite firm and homogeneous and was almost 
mpletely surrounded by adrenal cortex 

Che other abdominal structures showed no lesions of interest. On examina- 

of the brain, the right fissure of Sylvius, and part of the right temporal lobe 
re occupied by a firm nodule of tumor tissue 1.5 cm. in diameter which pene 


; ' 
rated tl 


e cortex The left temporal lobe showed a similar nodule, 1 cm. in 


imeter, of equal firmness. The cerebellum was herniated through the foramet 
ignum 

The spinal cord presented no gross lesion, and the vertebrae showed ne 
dence of metastases 








Fig. 4.—High power photomicrograph of Figure 3, showing the character of 
the epithelial-like tumor cells 


Vicroscopic Examinatios Tumor Where the growth was of moderate 
lensity, such 


as where it involved the surface of the lung in relation to the 
mediastinum, it was largely composed of spindle shaped cells (Fig. 1). These 
vere of an actively proliferating type, ran in various directions, and formed 
vhorling strands. Many of the cells were large, with abundant cytoplasm, and 
tapered off gradually at both poles into filaments (Fig. 2). The nuclei were 
large and hyperchromatic. Mitotic figures were very numerous. Occasional 
giant multinucleated forms occurred 

The densest portions of the tumor, where it involved the diaphragm and 
lateral portions of the chest wall, was composed largely of hyalinized con- 
nective tissue. However, areas persisted where actively growing cells occurred, 





SE. me my 
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Where the tumor was growing into an interlobar septum, the cells assumed 
an entirely different character and higher degree of differentiation (Fig. 3) 
Here they were oval or cuboidal and formed narrow cords and intercommunicat 
ing channels They were distinctly of epithelial morphology, with abundant 
cytoplasm and round vesicular nuclei (Fig. 4) Although arranged in fairl 
regular alinement, the cells were actively hyperplastic and contained man 
mitotic figures \ further differentiation appeared to have occurred. Cell 
appearing at first sight as fat cells were interspersed among those of epithelial 
and fibroblastic type (Figs. 3 and 5). They were of signet ring appearance, 


large globule occupying most of the cytoplasm with the nucleus placed in the 





Fig. 5.—High power photomicrograph of Figure 3, showing that the signet 
ring cells consist of large globules of secretion displacing the nuclei to the 
side. Transition forms are seen between these cells and the epithelial-like cells 


forming channels 


periphery. Their nuclei were indistinguishable from the nuclei of the adjacent 
epithelial-like cells. In frozen sections stained with scarlet red, these globules 
failed to react for fat, and appeared as highly refractile droplets quite similar 
In appearance to the goblet cells of the intestinal tract. These globules were 
undoubtedly secretion products, and the cells at times proliferated around their 
own secretions, thereby forming what appeared to be lumina 

A definite transition could be discerned between these three different types 
of cells. In this transition zone, the cells containing vacuoles and forming 
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idolumina gradually were transformed to more cuboidal epithelial-like cells 
rming more definite channels, and containing only small vacuoles or none at 
At a point beyond this, the epithelial-like cells assumed spindle forms but 
re loosely and irregularly arranged. Beyond this the spindle cells tended 
lie parallel to each other and formed whorling strands similar to the growth 
where 
The same combination of the three types of cells was seen in the peri- 
nchial lymph nodes. Here the predominating cells were small and oval, 
ling only slightly to long, spindle cell forms. They were quite unitorm in 
] 


and contained oval, vesicular nuclei which presented but few mutotic 





Fig. 6—Tumor ensheathing heart and invading epicardial fat 


vures. The cells were closely placed with very little intervening stroma. In 
ertain portions, however, small vacuoles were seen which appeared at times as 
vtoplasmic inclusions, but more often appeared as signet ring forms, with large 
ctive nuclei morphologically similar to those of the other tumor cells. At the 
ime time the cells tended to become cuboidal and arrange themselves in rows 
simulating channels. Apparently wherever the cells gave evidence of less rapid 
growth, not only was there formation of channels but the cells appeared to have 
secretory activity. 

Where the tumor ensheathed the heart (Fig. 6), the cells were of a rapidly 
roliferating type, as a rule of spindle form. Many large cells were present, 
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with elongated, hyperchromatic nuclei, contaming an acidophilic nucleolus 
Mitotic figures were numerous. The cells, though invading the epicardial fat 
in no place penetrated the heart muscle but formed an enveloping layer quit 
uniform in width 

One section showed a portion of the pleura where there occurred stretch 
f intact mesothelial cells covering the lung, separated by a space from th 
overlying tumor This was interrupted by areas where the tumor had becom 
adherent, with disappearance of the mesothelial cells. 

Sections of the metastases in the adrenal and in the opposite lung showe 
ssentially cells of spindle form, running at various angles, and similar 
morphology to those occurring in the pleural tumor, where it was of moderat 
lensity In the metastases there was no tendency to the development 
epithelial forms 

Microscopic sections of the other organs showed no lesions relevant to tl 


tumor process 


\ review of previously reported cases of primary malignant tumor 
of the pleura reveals the fact that although the various authors have 
classified their tumors as endotheliomas, carcinomas, or sarcomas, 
actual point of fact their descriptions are strikingly similar, and indicat 
a wide range of cell types occurring in a single tumor with cells o 
epithelial morphology usually predominating. Although it would seet 
that all these tumors represent essentially the same process, yet becaus 
of minor differences the cases as described by the authors arrange then 


selves into three groups. 


1. A few cases, such as those of Benda,'*? Sprunt*’ and Bayne 
Jones,*" are almost purely epithelial in character. In Benda’s am 
Sprunt’s cases, villi invested by columnar cells projected from the 
surface and appeared to be continuous with the mesothelial cells 
the pleura. In Bayne-Jones’ case cylindric cells were arranged i 
glandular formation. The epithelial elements were so prominent that 


the authors made the diagnosis of carcinoma, arising from the lining 
cells of the pleura. 

2. In the second group, which comprises the majority of reporte: 
cases, the cells described are of varied type, cuboidal or columnar cells 
forming channels and solid cords, combined with polymorphous and 
spindle shaped cells. In interpreting this appearance, the authors stress 
the fact that the predominating cells are of epithelial tvpe, speaking of 
them as “epithelial-like” and “epithelioid,” and yet they consider that 
these are endothelial cells, and almost invariably interpret anastomosing 
channels lined by these cuboidal cells as evidence of the fact that the 
cells are derived from lymphatics and in their growth are simulating 
lymphatic channels. This appearance could just as well be interpreted 
as due to epithelial cells assuming glandular arrangement. Similarly, 


20. Bayne-Jones, S.: Carcinoma of the Pleura with Hypertrophic Osteo 


Arthropathy, Johns Hopkins Hosp. Reports 18:213, 1919. 
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imor cells lying in lymphatic channels are continually given as evi- 
nee that these cells have arisen from lymphatics, whereas it seems 
ire plausible to consider that these tumor cells are permeating lym- 
itics, especially since metastases of these tumors are known to occur 
efly through the lymphatics. 

It is apparent that the various writers have been prejudiced in their 
scriptions by their a priori conclusions that these tumors are derived 
mm lymphatic endothelium, and this makes an analysis of old cases 
most impossible, as even drawings of microscopic sections are made 
gramatically to represent origin from lymphatics. The more recent 
ses are less difficult to interpret, as photomicrographs often indicate 
ls of true epithelial morphology even though the writers describe 
m as being of endothelial character. .\ typical example of this sort 
description and interpretation is found in a report of Bassoe?' who 
scribes “gland-like tubules,” which in photomicrographs appear as 
thelial cells, but which he says represent “an apparently unbroken 
iin of proliferating lymphatic channels,” the cells which “simulate 
indric epithelium” and “give to lymphatic channels the appearance 
gland tubules.” 

Che idea of lymphatic origin seems to be a tradition handed down 
un writer to writer, each one following his predecessor in descrip- 


ns and interpretations of striking similarity. The chief character 


tics of these tumors appear in most descriptions, namely, the varied 
pe of cell, predominatingly of epithelial morphology with formation 
tubules, but often combined with polymorphous and spindle forms 


ises apparently of this type include those recorded by Schulz,’ Wag 


er,'® Bohnheim,® Bloch,’ Fraenkel,??> Adler?" Delatield.?* Gutman,"' 
ilockner,* Harris,** Huismans,** Keilty,?’ Kornitzer,?* Leiseur, Savy 
21. Bassoe, P. Report of a Case of Primary Tumor of the Pleura, Tr 


ago Path. Soc. 6:31, 1903. 
22. Fraenkel, A.: Zur Klinik der Lungen- und Pleurageschwulste (Endo 
eliooma Pleurae), Deutsch. med. Wehnschr. 37:531 (March 23) 1911 


NK 


23. Adler, I.: Remarks on Primary Endothelioma of Lungs and Pleura, 

M. Res. 1:175, 1901 

24. Delafield, F.: The Primary Newgrowths of the Pleura, M. Rec. 62:761, 
1902 

25. Harris, T.: Primary Malignant Diseases of the Pleura, J. Path. & 


Bacteriol. 2:174, 1893. 

26. Huismans, L.: Zur klinischen und pathologischanatomischen Diagnose 
maligner Pleuratumoren (Karzinom oder Endotheliom), Deutsch. med 
Wehnschr. 38:1278 (July 4) 1912 

27. Keilty, R. A.: Primary Endothelioma of the Pleura, Am. J. M. Sc. 153: 
888 (June) 1917. 

28. Kornitzer, E.: Zur Kenntniss der Pleuratumoren, Berl. klin. Wehnschr 


56: 1039, 1919. 
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and Mazel,*" McDonnell and Maxwell,*’ Lewis,*' Pitt,“ Rosenbaum, 
Scagliosi,"* Schulz-Vellinghausen,*” Unger,*® Eastwood and Martin, 
Dubray and Rosson,** Bernstein * and Volkmann.* 

3. Ina smaller group of cases are described growths of sarcomatous 
nature. Such are the cases of Bernard,*! who describes cells of large 
spindle and polymorphous forms; of Dorendort,** in which the growtl 
was composed largely of spindle cells with well developed fibrils; of 
Mehrdorf,*’ in which the diagnosis of fibrosarcoma myxomatodes was 


made: of Vallasse and Roubier ** 


in which were spindle cells typical of 
fibrosarcoma. 
Manv cases called sarcoma, as the cases of Saundby,.*’ Podack,' 


Coenen * and Greenish, do not materially differ in microscopic appear 


29. Leiseur, Savy, Mazel: Tumeur maligne primitive de la plevre, Arch. d 
meéd, exper. et d’anat. path. 25:392, 1913 
4%). McDonnell, P. J.. and Maxwell, E. 5S Endothelioma of the Pleur 


1. A. M. A. 74:168 (Jan. 17) 1920 
31. Lewis, D. D Endothelioma of the Pleura, Tr. Chicago Path. Soc. 6: 
256, 1905 


de. Pat, G. N Primary Carcinoma of the Pleura, Tr. Path. Soc. Lor 
39:56, 1887-1888 

33. Rosenbaum, S. Beitrag zur Frage der onkologischen Stellung de 
sogenannten Endothelkrebses der Pleura, Ztsch. f. Krebstorsch. 14:543, 1914 

34. Scagliosi, G Ueber der primaren Krebs der Pleura, Deutsch. me: 
Wehnschr. 30:1715 (Nov. 17) 1904. 

35. Schulz-Vellinghausen Beitrag zur Kentniss des primaren Endothel 
krebses der Pleura, Munchen. med. Wehnschr. 47:647, 1900 

36. Unger, K Zur Klinik des primaren Endothelioms der Pleura, Wie 
klin. Wehnschr. 16:1457, 1903 

37. Eastwood, E. H., and Martin, J. P.: A Case of Primary Tumor of the 
Pleura, Lancet 20:172 (July 23) 1921. 

38 Dubray, E. S.. and Rosson, F. B.: Primary Mesothelioma of the Pleura, 
Arch. Int. Med. 26:715 ( Dec.) 1920. 

39. Bernstein, H. S \ Case of Primary Malignant Disease of the Pleura, 


Albany M. Ann. 34:88, 1913 

40. Volkmann, R Ueber endotheliale Geschwiilste, Deutsch: Ztschr. f. Chir 
41:1, 1895 

41. Bernard: Zur Kentniss der Pleurasarkome, Virchows Arch. f. path 
Anat. 211:156, 1913. 


42. Dorendorf, H.: Demonstration eines grossen Pleuratumors, Deutsch. 
med. Wehnschr. 40:225 (Jan, 29) 1914. 

43. Mehrdof, R Fibrosarcoma myxomatodes, Virchows Arch. f. path 
Anat. 193:92, 1908. 

44. Pallasse, E., and Roubier, C.: Les Tumeurs primitives de la plevre, Ann 


de méd. 3:243 (May-June) 1916 

45. Saundby, R.: Three Cases of Sarcoma of the Pleura, Birmingh. M. Rey 
25: 34, 1889. 

46. Podack, M.: Zur Kentniss des sogenannten Endothelkrebses der Pleura 
und der Mukormykosen in menschlichen Respirationsapparatus, Deutsch. Arch 
f. klin. Med. 63:1, 1899. 

47. Coenen: Ein sehr grosses Sarkom der rechten Brustwand, Berl. klin. 
Wehnschr. 55: 1061, 1918. 

48. Greenish, R. W.: A Case of Primary Sarcoma of the Pleura, J. Anat. & 
Physiol. 75: 337, 1882. 
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e from those described as endothelioma or carcinoma, the term 
oma being used merely to express the conviction of the writer that 
vy should be considered of connective tissue origin, rather than on 
basis of any histologic difference. 
Robertson *” believes that most of these tumors are not primary 
nors of the pleura, but are secondary growths from a primary carci- 
na elsewhere. However, it is difficult to explain on this basis the 
that the tumor is approximately of the same age over the whole 
face of the pleura, this fact, on the contrary, giving evidence of 
mary growth from multiple foci of origin, in which the whole pleural 


face is participating as a unit in the neoplastic process. 


COMMENT 


The case reported in this paper falls within the second group, and 
strates well the variety of cell types which occur in close relation 
each other. Vacuoles, such as appeared within certain of the cells, 
not of frequent occurrence. Podack describes two cases showing 
ractile globules within the cells which pressed the nuclei to the side, 
interpreted them as inclusions. Herxheimer saw similar vacuoles 
ing the cells a signet ring appearance. Those seen in the present 
seem to represent secretory activity, and occur where the tumor 

s show a higher degree of differentiation. 
\lthough the varied type of cells 1s described in almost all reported 
es, a few authors have called particular attention to this mixed type 
growth. Thus, Bohme “ emphasizes this character by designating 
tumor “sacro-carcinoma,”’ and Gutman, in describing a tumor, states 
it it has both the character of a carcinoma and a fibrosarcoma. Bloch, 
most writers who recognize the mixed character of the growth, 
sume that several elements in the pleura, such as endothelial cells 
| connective tissue, are participating in the process simultaneously. 
is would seem the wrong conception of the process. The pleomorphic 
ture of the growth is its distinguishing feature and warrants its 
ssification in a group separate from sarcoma and carcinoma, without 
necessitating the assumption of an origin from two types of cells. The 
tferent types of cells occurring in the tumor here recorded are quite 
evidently closely related. Transitions are seen from one type to another. 
lt is inconceivable that these different forms arise from more than one 
type of cell, that is, that the cells forming channels arise from epithelial 
cells, and the spindle cells from fibroblasts. The logical point of view 
would seem to be that the cells have arisen from a multipotential cell 


49. Robertson, H. E.: Primary “Endothelioma” of the Large Serous Cavities, 
Proc. Am. A. Pathol. & Bacteriol. (March) 1923; J. M. Res. 44:115 (Sept.) 1923. 
50. B6hme, M.: Primares Sarco-carcinom der Pleura, Virchows Arch. f. 


rath. Anat. 81:181, 1880. 
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which has differentiated now in one way, toward the epithelial type, now 
in another way, toward the fibroblastic, due to the fact that the mes 
thelial cells, in undergoing a neoplastic process, have reverted to 
more embryonal type and have the potentialities of embryonal mes 
blastic cells in differentiating in more ways than one 

\ change in cell morphology is commonly seen in various tumors 
known to arise from a single type of cell. Metastases of epithelioma: 
may show less differentiation than the growth at the original sit 
assuming spindle forms. If such change of form occurs in tumor 
arising from simple epithelium, it is consistent that a change in 
form would more readily occur in tumors derived from cells of mes: 
dermal or mesenchymal origin. The process is well illustrated in mixe 
tumors (embryomas) of the kidney, as well as those of the ser 
linings 

lhe efforts at classifying such tumors, according to whether the 
are of epithelial or fibroblastic type would seem ill advised. The variet 
of cell types occurring in a single process indicates that the cell « 
origin is multipotential. To call these tumors carcinomas or sarcoma 
would be to make the erroneous implication that the cells conform 1 
one type only. To call them sarcocarcinoma is a confusion of ideas, a 
this implies that there are two cells of origin undergoing neoplasti 
transformation side by side, whereas the true nature of the proces 
seems to be that one type of cell is differentiating in different direction 
at the same time. That sometimes cells of epithelial morphology pre 
dominate, at other times those of fibroblastic form, is merely a variatior 
in the process which does not alter the nature of the tumor. It woul 
seem advisable to adopt a new name for such tumors, and no longe: 
attempt to place them arbitrarily under groups of carcinoma and sat 
coma. Adami’s classification of mesolepidomas and mesohylomas is 
consistent embryologic one, although a somewhat cumbersome termi 
nology. Until a more perfect nomenclature is devised, it would seen 
expedient to call all tumors arising from serous linings mesotheliomas 


irres] ective of which tvpe of cell predominates in the growth. 
SUMMARY 


1. A case is reported of primary malignant tumor of the pleura, 
enveloping the heart and producing metastases in the cerebrum and 
adrenal. 

2. Microscopically, the cells present three distinct types, spindle 
cells of fibroblastic morphology, epithelial-like cells forming channels, 
and cells producing globules of secretion. Transitions were made out 
between the three types, giving evidence that the cell of origin was a 
multipotential cell, which had the ability to differentiate both toward 


the epithelial and toward the fibroblastic type. 
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Reasons are presented for considering primary malignant tumors 


the pleura as being derived from the mesothelial cells of the pleura. 


mors derived from such origin should be considered in a class apart 
mesothelioma, and not classified as endothelioma, carcinoma or 


oma 
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THE CLINICAL VALUE OF THE SERUM- 
TETRACHLORPHENOLPHTHALEIN TEST 
FOR LIVER FUNCTION * 


R. OTTENBERG, M.D.; S. ROSENFELD, M.D 
AND 
L. GOLDSMITH, M.D 


NEW YORK 


We have used Rosenthal’s simplification of the tetrachlorphenol 
phthalein method of testing liver function ' in over 100 cases. In the 
majority of these patients, the diagnosis has ultimately been confirmed 
by operation, necropsy or unmistakable clinical course. (mn the whole, 
the test has not disappointed expectations, although sharp limitations 
have been found to its practical usefulness and a number of interesting 
problems have been encountered. 

We have followed Rosenthal’s technic except that in the course of 
the work we have slightly increased the dose of tetrachlorphenolphthalen 
used, first to 6 and then to 7 mg. per kilogram of body weight. We did 
this in the hope that the doubtful results, which were obtained with 
> mg. in cases in which it was tair to assume that slight liver injury 
existed, would show clear cut results with the larger amount of dye 
ur work is sufficient to show that there is no disadvantage in this 
procedure; it does not give false positive results and the injection of 
the slightly larger amounts is absolutely harmless. It should be noted 
that in changing the amount injected we have not changed, in the 
slightest way, the technic of making the color scale for the final read 
ings; it is necessary to keep this the same in order to compare thi 
two methods 

There was surprisingly little difference between the tests with 5 mg. 
and those with 7 mg. On looking over the general summary of our 
findings we believe that with either method the presence of 5 per cent 
of the dye in the one hour specimen may be considered a suspicious sign 
of impairment of the liver function, while the presence of 8 per cent., 
or more, of the dye in the one hour specimen may be regarded as con- 
clusive of impaired liver function. 

There is one point in technic which cannot be stressed too much, 
namely, the absolutely unreliable character of the readings if the serum 
obtained contains traces of dissolved hemoglobin. For this reason the 


needles used in obtaining the blood must either be dry or must be boiled 


*From the Medical Department, Mount Sinai Hospital. 
1. Rosenthal, S. M.: A New Method of Testing Liver Function with Phenol- 
tetrachlorphthalein, J. A. M. A. 79:2151 (Dee. 23) 1922 
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a saline solution. The blood obtained must be allowed to stand 
uietly until the clot has retracted. It is unwise to try to separate the 
rum by rimming the clot, or by centrifuging before spontaneous 
traction of the clot has occurred. In spite of these precautions a little 
molysis may occasionally occur in one of the tubes; for this reason 

now make a practice of obtaining two samples in two separate tubes 
the fifteen minute and of the one hour specimen, so that if a little 
idental hemolysis occurs in the one tube we may still be able to 
ike the readings with the other. 

Bloom and Rosenau* have recently proposed a modification of the 
hnic, which promises to do away with difficulties from hemolysis 

lepends on precipitation by acetone. We have not yet given it suffi- 
nt trial to be able to express an opinion on it. 

We have seen no toxic effects of the intravenous injections. Many 
the patients experienced a burning sensation in the roof of the mouth 
ile the injection was being made. This was followed often by a 
neral sense of warmth. The dye is irritating to the tissues, and any 
ikage outside of the vein is followed by a sharp local reaction. In 
ing the injections, if there is the slightest resistance to the plunger 
the SV ringe the needle is not satisfactorily in the vein; it should be 
ithdrawn and reintroduced. 

\lthough we followed Rosenthal’s technic, obtaining a sample of 
lood fifteen minutes after the injection and again after one hour, our 
perience leads us to believe that, as Bogen * has suggested, the fifteen 
inute examination can safely be omitted. This would make the test 
sier from the patient’s point of view. 

We will discuss our material under the following heads: 

Clinical Results —1. Cases of liver disease: (a) cirrhosis, (b) syph- 

(c) catarrhal jaundice, infectious jaundice ( Weil’s disease), acute 


ellow atrophy, (d) malignant growths, (¢) echinococcus cyst, (f) 


iwlecystitis, (g) obstructive jaundice (persistence of dysfunction). 

2. Cases of possible functional impairment of liver: (a@) pneumonia, 
}) myocardial insufficiency, (c) splenomegaly, (d) hemolytic icterus, 
) pernicious anemia, (f) leukemia and Hodgkin’s disease. 

3. Control cases—no liver disease. 

General Value in Diagnosis—(a) Interpretation of results as 
iffected by jaundice, ()) positive value of the test, (c) negative value 
of the test, (d) cases in which the test failed, (¢) comparison with 
other tests. 


2. Bloom, W., and Rosenau, W. H.: A Simple Method for the Determination 
of Phenoltetrachlorphthalein in Blood Serum, J. A. M. A. 82:547 (Feb. 16) 1924 
3. Bogen, E.: J. Lab. & Clin. Med. 8:619 (June) 1923. 
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CLINICAL RESULTS 

1. Cases of Liver Disease —(a)Cirrhosis of the liver. 

There were four cases of typical cirrhosis of the liver. There was 
unmistakable retention of the dye in all. Of the four patients, three did 
not show any icterus at the time of the test either in the skin, conjunc- 
tiva or blood serum, while one patient was icteric and showed a blood 
bilirubin of 1: 30,000 by the method of Van den Bergh. This case, 
strangely enough, did not show as high a percentage of tetrachlorphenol- 
phthalein in the blood as did the cases without jaundice. 

Besides the cases of typical cirrhosis there was one in which the 
diagnosis was portal thrombosis, resulting from an abscess of the spleen. 
This patient (Case 5, Table 1) was originally admitted to the surgical 
department, with a history of pain in the left side and recurrent fever 


Taste 1.—Atrophic Cirrhosis 


Mg. In- Pereentage of Dye 


jected in Blood After 
per Kg. - ~ — Liver Blood 
Case of Body 15 oo Fnlarge- Bili- 
No Weight Minutes Minutes ment Icterus rubin 
Typical Cases 
1 Advanced cirrhosis January 5..... 5 12 12 : 0 0 
January 21 5 10 10 
(necropsy) September 21 7 12 i) 
Advanced cirrhosis - 5 th Ww 1:30,000 
Typical cirrhosis. First paracente- 7 l 12 0 0 


sis at time of test. Necropsy 
four months later: advanced cir 
rhosis and healed duodenal ulcer 
{ Typical cirrhosis. Repeated para- 7 15 15 0 0 0 
centesis. Spleen enlarged 


Atypical or Doubtful Cases 


Portal thrombosis (°) following 9 Ss 7 0 ( 
splenic abseess. Ascites. Recovery 
Suspected cirrhosis, splenic en 7 Mi 8 0 1: 400,000 
largement 

7 Suspected cirrhosis, aleoholism.... 7 ty ) 0 0 1:200,000 


of a septic type, was operated on and a large abscess containing the 
necrotic spleen was opened and drained. After recovery and the healing 
of the wound the patient developed ascites and emaciation, and presented 
a clinical appearance indistinguishable from that of ordinary hepatic 
cirrhosis. Following tapping of the abdomen, which had to be done 
repeatedly, the large and a densely hard liver could be felt. After some 
months in the hospital the ascites ceased to recur, the general condition 
of the patient improved greatly and he went home apparently well. 
During the period of ascites he developed a very extensive phlebitis of 
the left leg. Following the injection of tetrachlorphenolphthalein the 


patient likewise developed phlebitis of the median basilic vein. He was 
one of the five patients in all our whole series that developed phlebitis 
after injection, and we believe that in this instance it was due to the 
tendency to phlebitis already shown in the leg. This case (No. 5, 
Table 1) showed a mild degree of retention (7 per cent. at the end 
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one hour). Due to a miscalculation, the amount of dye injected 
is 9 mg. per kilogram of body weight instead of the usual 7 mg. 
ur experience in the comparison of the 7 and 5 mg. however, has led 

to believe that this does not make a great deal of difference. It 
is unfortunately not permissible to repeat the test on account of the 
lebitis. 

In addition to these cases there were two others (6 and 7, Table 1), 

ich probably can be classified as early cases of cirrhosis of the liver, 
though the diagnosis is not certain. The first patient was a man, 
sed 48, who entered the hospital merely because of heaviness in the 
inks lasting for two months. Examination showed the liver enlarged 

3 cm. below the free border in the midclavicular line, the spleen 
larged to 3 cm. below the free border. Except for an increase to 
per cent. of the eosinophil cells in the blood, a very full set of labora- 
ry investigations gave completely negative results. The serum showed 

increase in bile (blood bilirubin 1: 400,000). The tetrachlorphenol- 
thalein test showed a slight retention, 8 per cent. at the end of 

hour. 

rhe second case (No. 7) was a man, aged 48, a very heavy drinker 

many years, who was under treatment for alcoholic gastritis of a 
ir’s duration. His test showed slight retention, 10 per cent. at fifteen 
nutes and 5 per cent. at one hour. 

If other investigators continue to confirm our opinion that the 
trachlorphenolphthalein test never gives false positive results but 
variably means some liver disability, it should prove of real value in 
etection of early cases of cirrhosis of the liver, a condition which at 
resent is quite beyond diagnosis. It will take a good deal more work 

prove this definitely. 
Syphilis of the Liver —There were five patients with syphilis of the 
ver. In four of them the diagnosis rested on clinical grounds, as it 
as impossible to obtain confirmation by necropsy or operation ; never- 
eless, the clinical signs were sufficiently convincing to leave the diag- 
osis in little doubt. When the results of the tetrachlorphenolphthalein 
tests were compared the cases were seen to fall into two sharply opposed 
roups. The two cases of congenital syphilis in the young both showed 
marked dye retention. This agrees with the well known pathologic 
hanges of congenital syphilis of the liver, which consists of a diffuse 
ntercellular cirrhosis. 

On the other hand the three cases of syphilis of the liver in adults 
ill showed normal liver-function tests. This agrees well with the 

pathology, which consists of scattered gummas and secondary scar 
formation, occurring probably over a considerable period of years; as 
the slow course allows ample time for liver regeneration, one would only 
expect impaired liver function if the process was very extensive, or 
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accidentally cut off circulation or bile drainage from large areas. This 
is well illustrated by Case 5 (Table 2), in which, because of secondary 
infection of a gumma, a laparotomy was necessary. The patient, a man, 
aged 47, gave a history of a similar attack of pain and fever four vears 
before. He was admitted to hospital, with a history of being ill only 
four days with fever and severe epigastric pain. There was a tender 
mass in the right upper quadrant of the abdomen, evidently on the dome 
of the liver, which was enlarged to the umbilicus. At operation there 
were many large scars on both upper and lower surfaces of the liver, 
and an abscess, apparently an infected gumma on the dome. This was 
sutured to the abdominal wall and incised five days later. It gave a 
culture of B. coli. The blood Wassermann reaction was positive ( four 
plus). In spite of the gumma and the numerous scars the functional 
test was normal. 


TasBLe 2.—Syphilis of the Liver 


Mg. In- Pereentage of Dye 


Wasser jeeted in Blood After 
mann per Kg. — : — Liver Blood 
Case Rear of Body 5 60 Enlarge Bil 
No tion Weight Minutes Minutes ment leterus rubir 
In Children 
1 Congenital, 6 years old Neg 13 1 Slight 1:30,000 
Congenital, 2% years old. Neg 7 15 ” Subicterie 1:60,000 


In Adults 
Acquired syphilis; man, 3 Neg 7 Trace 
Large, hard irregular 7 r Trace 0 1:300 0% 
liver. Spleen enlarged 
4 Probable congenital syph Four 7 Trace + 0 1: 200,008 
ilis Interstitial kera- plus 
titis; 52 years old; gum 
matous sears of liver 


1:.300.008 


Acquired syphilis, 47 years Four in) Trace ( 
old; infected gumma plus 
(operation). Deep liver 


Catarrhal Jaundice, Acute Yellow Atrophy, Infectious Jaundice 
(Weil's Disease )—These three conditions are grouped together because 
there was only one case of each, and because recent work has indicated 
a close relation in the pathogenesis of the conditions. 

The case of catarrhal jaundice (Case 1, Table 3) was in a boy, aged 
8 years, who complained of abdominal pain, vomiting and loss of weight 
of two weeks duration. When first seen he was subicteric, later he 
became distinctly although never deeply jaundiced. The temperature 
was 100. The sharp smooth edge of the enlarged liver was palpable 
114 inches (3.32 cm.) below the free border of the ribs, and the total 
vertical size of the liver, as made out by percussion, was 5 inches (12.7 
cm.). The spleen was not felt. The urine repeatedly showed only a 
trace of bile, but a large amount of urobilin. The stool was likewise 


light in color but never acholic. The case ran a mild ambulant course 
for about a month and resulted in the patient’s complete recovery. The 
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etrachlorphenolphthalein test, which was done in the third week of the 


lIness, showed a much more pronounced retention of dye than might 


ve been expected from the very light jaundice or the mild clinical 


mptoms. 
ild bile retention. 


Che case of acute yellow atrophy ( Case 


The blood serum was a lemon yellow color, indicative of a 


2, Table 3) occurred in a 


man, who was admitted to the surgical department, with a history of 








Taste 3.—Acute Infections or Degenerations of the Liver 
Mg. In- Percentage of Dye 
jected in Blood After 
per Kg. -— - Liver 
of Body 1S @ Enlarge di 
Weight Minutes Minutes ment dice 
Catarrha] jaundice ) ” 
slight 
\cute yellow atrophy of the liver. Necropsy 7 M) Live 
Nephritis following acute infectious jaun 7 
dice (Weil's disease fading) 
the 


tacks of right sided abdominal pain for a year, aggravation of 
iin during the preceding four weeks and jaundice of varying intensity 
a woman, look- 
abdomen at the 
An exploratory 


ring the preceding two weeks. Examination showed 
¢ acutely ill, with tenderness on the right side of the 
el of the umbilicus and a light but definite jaundice. 
eration three days after admission revealed a very small liver and no 
esions in the gallbladder or bile ducts. Very thick, dark bile was 
spirated from the gallbladder. There was free yellow fluid in the 
eritoneum, The patient died two days after the operation, and necropsy 
evealed acute yellow atrophy of the liver. On account of the rarity 
such reports since chemical blood examinations have been in use, it is 
orth recording the examinations of this case. 
Day before 
death 


Two days before 
operation 
14 14 mg. per 100 c.c. 


31.5 mg. per 100 c.c 


Urea Nitrogen mg. per 100 c.c 


Nitrogen 


Nonprotein 
Uric Acid 


Creatinin 


per 100 c.c 2 


1 mg. per 100 c.c. 


1.5 mg mg. per 100 c.c. 


1 mg. per 100 cc. 


Cholesterol ......... 0.130% 0.07% 

SIN 5 hos cantly Sip ei aais Sore Seeebone present present 

ee 0.130% 
29.8% 


Carbon Dioxid 


Che normal sugar and nitrogen (especially the urea) and the low 
holesterol are the interesting figures. 

The case of infectious jaundice is brought in to show how much 
more the kidneys were injured than the liver by this general infection. 
\ previously healthy man, aged 36, came in with the typical symptoms 
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of Weil’s disease, with a history of one week’s illness with chills, fever, 
headache, epistaxis and tarry stools. He showed labial herpes, profound 
jaundice, purpura, ecchymoses, enlarged liver and spleen, and large 
amounts of albumin and casts in the urine. Examinations of the blood, 
urine and duodenal contents (unfortunately only in the third week of 
the disease) for the spirochete of Inada and Ito were negative. The 
liver function test was not done during the acute febrile stage, as it was 
felt that a positive result was a foregone conclusion. It was done three 
weeks after admission, at a time when the patient was convalescent fron 
the acute symptoms and showed only a faint jaundice. The test was 
normal. At this time the patient showed evidence of a very sever: 
nephritis with extremely high nitrogen retention in the blood, and 
absolutely no excretion of phenolsulphonephthalein by the kidneys in 
two hours. (During the acute febrile state, blood chemistry and 
phenolsulphonephthalein tests had both been normal.) It was evident 
then that the liver had resumed its normal functions while the permanent 
damage was to the kidneys. 

Malignant Growths in the Liver—There were sixteen cases o! 
metastatic malignant tumor of the liver. In this condition the impair 
ment of liver function may be expected to be largely mechanical, and 
to depend on the extent to which liver tissue is replaced by new growth 
or is blocked as the result of new growth invading larger bile ducts o: 
blood vessels. Accordingly, the results show considerable variation 
Several of the cases were of particular interest. 

Case 1 (Table 4) is discussed in detail under the heading: General 
Value of Test. 1. Positive value, as it is one of the cases in which the 
test itself was the first finding to point to serious disease of the liver 

Case 4 (Table 4) likewise presented features of unusual interest 
The patient, a previously healthy man, on admittance, had a history of 
severe right upper quadrant pain for the last three months, not related 
to eating, with repeated exacerbations and with occasional vomiting. 
The entire right side of the abdomen was tender. There was a retained 
right testicle. His temperature ranged from 100 to 102, and there was 
a moderate leukocytosis. An exploratory laparotomy was done with 
entirely negative findings. The symptoms subsided and he went home 
and remained well for about six weeks. Then the same symptoms 
returned and he was readmitted again acutely ill. This time there was 
a small, pear shaped mass on deep palpation in the right upper quadrant 
and the patient was subicteric. The tetrachlorphenolphthalein test 
showed 12 per cent. at fifteen minutes and 7 per cent. at one hour— 
a slight degree of retention. The serum was faintly icteric. An explora- 
tory operation was again done and this time a retroperitoneal cystic 
tumor was found. The laboratory reported this to be a malignant 
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embryoma, in all likelihood arising from the retained testicle. The 
patient did not recover strength after the operation, and at necropsy a 
number of metastatic nodules were found in the liver. 

In sharp contrast to this is another almost identical case (Case 11, 


lable 4) of embryoma arising from a retained testicle, with numerous 
Taste 4.—New Growths Involving the Liver 


Mg. In- Percentage of Dye 
jected in Blood After 
per Kg... ———~—_———— Liver Blo 
Cause of Body 15 oO Enlarge- Bil 
Ni Weight Minutes Minutes ment Icterus rubin 
siliary fistula after cholecystec 5 23 25 Indefinite Sub Slight 
tomy. Subsequent finding of icterus 
metastatic carcinoma 
Metastatic growths; inoperable; 5 12 12 Huge 
primary growth not found 
Carcinoma probably of gallbladder, i) 12 9 Large ( Not 
very large inoperable’ tumor. creased 
Exploratory operation 
Retroperitoneal embryoma. Liver 7 12 r 0 ( Sub 
Inetastases Operation and ne- icteric 
cTropsy 
Carcinoma of pancreas. Liver 
metastases. Necropsy 
Inoperable carcinoma of stomach; 7 ) 5 0 
huge tumor. No operation or 
necropsy. Syphilitie 
Carcinoma of rectum. One nodule 7 3 0 
in liver at operation. Test four 
days before operation 
Carcinoma of stomach. Opera- 7 15 15 : 0 Slightly 
tion. Liver studded with small icteric 
growths 
Metastatic carcinoma: large tumor 7 BD 25 Huge 
in liver region; deep but not 
completely obstructive jaundice 
Recurrent carcinoma of sigmoid > 15 ” ( 0 1: 200,000 
Several nodules in liver at op- 
eration 
Malignant embryoma, retained 
testicle. Metastases in liver. Ne 
cropsy, January 1 
GEE Buccewsses a , ‘a 7 
October 2..... Semone : 7 5 2 
November 30 ......... —— 7 4 
Colloid carcinoma, hepatic flexure, 
colon. One large metastatic 
mass in liver at operation 
Inoperable carcinoma, sigmoid. 7 12 7 ( 0 0 
Probable liver metastases (diag- 
nosed only as result of liver 
function test; not felt at opera- 
tion) 
Carcinomatosis; liver metastases: 7 10 Very large 0 1:100,008 
neck gland excised for diagnosis nodular 
Metastatic carcinoma peritoneum 7 . 4 0 0 0 
(papillary adenocarcinoma of 
ovary). Operation 
Carcinomatosis. Large upper ab- 7 5 Trace , 0 0 
dominal tumor (which may not 
have involved liver). Diagnosis 
by excision of inguinal gland. 
No necropsy 


x 


~I-1 
_ 


liver metastases, in which the tetrachlorphenolphthalein test was repeat- 
edly negative. On account of its great importance this case is discussed 
elsewhere, under the caption Failures of the Test. 

On reviewing these cases of metastatic growth of the liver, it is 
clear that negative findings of the tetrachlorphenolphthalein test do not 
exclude metastatic nodules. On the other hand it appears that there is 











214 ARCHIVES OF INTERNAL MEDICINE 


a field of usefulness for the liver function test, in seeking to detect liver 
metastases before operation in cases of known or suspected carcinoma 


involving the intestinal tract. 


Echinococcus Cyst of the Liver—There was one case of echino 
coccus cyst in a woman, aged 42. The patient had been operated on 


five years before for echinococcus cyst, at which time she says that she 


had been jaundiced for three months. She had become pregnant thre 
Paste 5.—Obstructive Jaundice, All Causes 


Mg. In- Percentage of Dye 


jected n Blood After 
per Keg ‘ Liver Blood 
Case of Body 5 tx Enlarge Bil 
No. Weight Minutes Minutes ment Jaundice rubin 
Complete Obstructic 
1 Carcinoma of pancreas Operation it ‘ + 
Carcinoma of pancreas with liver r Is + 
metastases Necropsy 
Carcinoma of head of pancreas 7 l 
No liver metastases. Necropsy 
$ Carcinoma of head of pancreas ‘ 
Operation 
Carcinoma of commor bile duet ' 
Suppurative cholangitis Né 
cropsy 
6 Carcinoma of common bile cuct r) % ( 
Necropsy 
Incomplete Obstruction 
7 Common duct stone: cholecystitis ( 15 + + + 
Incomplete obstruction four 
days, Operation 
S Previous short attack (from four 5 ‘ s + 


to eight days of obstruction 
due to stone Ducts patent at 
operation two days after test 


Recovering from obstructive jaun 7 1:40, 
dice of two weeks duration 
Test twelve days after passage 
of stone 
. 1“ ) 1:70,000 


} Ball-valve common-duct stone; in 7 l 
complete obstruction for nine 

days (test two days before op- 

eration) 

Incomplete obstructive jaundice of 

three weeks duration, due to 

stones and pericholecystitis and 

pericholangitis. Recovery 


(a) Before operation : 5 ‘ 0) + + + 
(b) Nine days after operative r 15 18 
drainage 
Twenty-five days after 7 
drainage 


months before admission. She vomited constantly for one month before 
she came to us. At that time she noticed that the epigastrium was 
swollen. The abdomen was found distended, the entire right side being 
filled by the smooth, soft liver, the general outline of which was regular. 
The patient was not icteric but the serum showed increase of bile above 
normal. Operation revealed that the liver contained a very large num- 
ber of echinococcus cysts. The tetrachlorphenolphthalein test showed 
pronounced retention, 15 per cent. at fifteen minutes and 15 per cent. 


at the end of one hour. 
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Cholecystitis —Our results in cholecystitis were unsatisfactory and 

d not lead to any definite conclusions. It is doubtful if the test has 
special value in the condition, but the question is being more 
oroughly investigated by Dr. Colp on larger surgical material. 

Obstructive Jaundice.—The eleven cases of obstructive jaundice fall 
turally into two groups: (a) six cases of total obstruction, all due 
cancer involving the common bile duct, and (>) five cases of incom- 
te obstruction or of convalescence after relief of obstruction, all due 
gallstones. 

Che cases of complete obstruction require little comment. The chief 
terest in the high retention which they show is the question of why 
vas not still higher. This will be discussed elsewhere. 

The stone cases, however, present several points of considerable 
portance. In the first place Case 7 (Table 5) shows that an acute, 

probably not quite complete obstruction of the common duct by 
ne, lasting certainly not over four days, can produce decided dye 
tention (15 per cent. at the end of one hour). 

Cases 9 and 11 (Table 5) show how unexpectedly slow is the recov- 

of the dve excreting function after the relief of obstruction. In 

former case, probably a complete obstruction of two weeks duration 
is relieved by spontaneous passage of the stone; but twelve days later 
e test still showed dye retention of 25 per cent. at one hour. The 
tient made a clinically complete recovery subsequently, but was not 
sted again. Case 11 (Table 5) is even more instructive. A case of 
omplete obstruction of three weeks duration showed one hour dye 
tention of 20 per cent. Nine days after operative drainage of the 
mmon bile duct there was still pronounced retention ; and twenty-five 
vs later, though the patient was convalescent and the urine had been 


ee of bile for two weeks and the tissues only showed the faintest 


sidual jaundice, still the dye excretion had not quite returned to 
rmal. 

In view of these results, the hope expressed in a previous publica 
m* that a prompt return of dye excretion might serve as an indicator 
| relieved obstruction, will probably have to be abandoned, at least for 
ases of more than a few days obstruction. It is evident that in obstruc- 
tion of several weeks duration, even if incomplete, the return of func- 
tion after the obstruction is gone is unexpectedly slow. Whether this 
s the result of actual injury of liver parenchyma or of the peristence 

f cholangitis can only be decided by further study. 


4. Ottenberg, Reuben, and Rosen, Samuel: Possible Application of Phenol- 
tetrachlorphthalein Test to Obstructive Jaundice, J. A. M. A. 80:1519 (May 26) 


1923. 
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CASES OF POSSIBLE FUNCTIONAL IMPAIRMENT OF THE LIVER 


Pneumonia.—Because of the old clinical observation that severe 
cases of pneumonia often develop jaundice we have tested several cases 
of pneumonia. The first one was a typical case of lobar pneumonia, 
involving the entire upper and part of the left lower lobe in a man, 
aged 40 (Case 1, Table 6). The patient was very toxic and was 
subicteric in appearance. The liver was enlarged to 3 cm. below the free 
border of the ribs. The temperature, which had ranged between 103 
and 104, dropped to normal and remained there. On the day of the 
crisis bile was detected in the urine. The first tetrachlorphenolphthalein 
test was done four days after the crisis; at this time the patient was 
still slightly icteric, but was in excellent general condition. There was 
a retention of 11 per cent. at the end of one hour. The test was repeated 
eight days after the crisis at which time the patient was almost free of 


TABLE 6.—Pneumontia 


Mg. In- Percentage of Dye 
jected in Blood After 


per Kg. —~— ~ Liver Blood 
Case of Body 15 60 Enlarge- Bili- 
No. Weight Minutes Minutes ment Jaundice rubin 
1 Severe lobar Slight jaundice 
Four days after crisis..... 5 11 11 3 em. Slight Slight 
Fight days after crisis.. 6 it) - 3em Almost Slight 
gone 
Fighteen days after crisis f 6° 9 0 0 0 
2 Moderately severe lobar. Test im- rf Me 4 0 0 v0 


mediately after crisis. Subse 
quent cortical kidney abscess 
3 Right lower lobe. Possibly com 7 10 10 Palpable 
plicating some abdominal condi 
tion. No jaundice 


0 1:300,000 


jaundice. The blood at the end of one hour still showed 8 per cent. of 
the dye. A third test was done eighteen days after the crisis ; there was 
almost no retention of the dye at the end of one hour. This case, like 
the cases of obstructive jaundice discussed in the foregoing, suggests 
that a once injured liver does not rapidly resume its normal function. 

The second case (Case 3, Table 6) was one of right lower lobe 
pneumonia (confirmed by roentgen-ray examination) in a woman, aged 
60. It is possible that pneumonia in this case may have been a compli- 
cation of some undiscovered abdominal condition, most likely chole- 
cystitis, as there was a history of abdominal pain and frequent vomiting 
for six weeks before admission, and the right upper quadrant of the 
abdomen was tender. There was no icterus whatever and the blood 
serum was of a pale straw color. The test showed retention of 10 per 
cent. of the dye at the end of one hour. The patient left the hospital 
against our advice, and the case is included only because the most 


important finding was the lobar pneumonia. 














OTTENBERG ET AL--LIVER FUNCTION TEST 217 


Myocardial Insufficiency —On account of the frequent occurrence 
)f enlargement of the liver and of jaundice in cardiac decompensation 
it was thought worth while to try the test in cases of this kind. The 
majority of the thirteen cases so tested showed distinct retention of dye. 
\ll of these cases showed some enlargement of the liver. It will be 
noticed that the three cases which showed no retention whatever (Cases 

5 and 11, Table 7) were those which showed the least enlargement 
f the liver. Case 10 (Table 7), a case of calcified pericardium, which 
showed no distinct retention of the dye, nevertheless showed a very 


Taste 7.—Cardiac Decompensation 


Mg. In- Percentage of Dye 
jected in Blood After 





per Kg. -— I Liver 
(Case of Body 1b 0 Enlarge- i- 
No Weight Minutes Minutes ment Icterus rubin 
1 Coronary. Not fibrillating. Died 5 6 0 3 cm. 0 
> Mitral, aortie, tricuspid. Necropsy 5 18 18 Huge Slight Slight 
Hypertension. Fibrillating. Im- 6 20 15 10 em. 0 0 
proved slightly. Went home 
+ Emphysema. Cardiac decompensa- 5 7 Trace 
tion (test repeated after four 7 10 Trace 4 cm. ( 0 
days). Improved temporarily 
Hypertension. Not fibrillating. 6 5 Trace 3 em. ( 0 
Subsequently went home entirely 
compensated 
Mitral and tricuspid. Fibrillation. 7 11 s 7em 0 Subicteric 
Condition fair at time. Little pulsating 
improvement 
Mitral, aortic, tricuspid, _fibril- 7 10 8 Wem. Subicteric 
lating. Went home slightly im- pulsating 
proved 
8 Atherosclerosis. Mitral. Anasarca 7 12 12 6em. Subicterie 160,000 
Not fibrillating. Died 
» Aortie, mitral, tricuspid stenosis. 7 28 15 Large, Subicteric 8,000 
Went home slightly improved pulsating 
10 Caleified pericardium fibrillating. 7 “ 5 Very 0 150,000 
Operation with subsequent relief large 
1 Mitral stenosis, aortic and tricus- 7 5 3 : 0 0 
pid valvular disease. Moderate 
decompensation. Discharged im- 
proved 
Valvular disease. Decompensation. 7 20 0 12 e1 0 ( 
Trieuspid. Improved 
13 Arteriosclerosis. Coronary disease. 7 10 10 14cm 0 0 
Right-sided dilatation of heart 
14 Suspected bacterial endocarditis 7 ee 7 0 0 


Mitral stenosis. Tricuspid insuf- 
ficiency. Decompensation 


large liver. This case, however, was one of a very long duration. It 
will be noticed that with this exception all the cases which showed any 
trace of icterus showed a marked retention of dye. 

In this regard our observations confirm those of Fishberg*® who 
showed that the estimation of bile in the blood offered a valuable index 
as to the degree of cardiac decompensation. 

So far as study of our figures goes, the degree of liver impairment 


has no special relation to prognosis. 


5. Fishberg, A. M.: Jaundice in Myocardial Insufficiency, J. A. M. A. 80: 
1516 (May 26) 1923. 
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Splenic Anemia.—On account of its close, but as vet not very com- 
pletely understood connection with the hepatic cirrhosis, the findings in 
splenic anemias are interesting. We had one case. This was in a 
woman, aged 30, who was admitted because of a large gastric hemor- 
rhage. Ten months before admission she had had an attack of pain in 
the right side of the abdomen. For two months the abdomen had been 
enlarged. Examination showed a moderate degree of anemia, a yel- 
lowish complexion but no jaundice (blood bilirubin 1 : 300,000), the liver 
enlarged to the level of the umbilicus, the spleen enlarged to the brim 
of the pelvis and within 1 inch (2.5 cm.) of the midline. Tests of the 
urine and feces showed a decided increase in the urobilin. A splenec 
tomy was done and the patient subsequently recovered. At the time of 
the splenectomy the liver was inspected and appeared normal. The 
tetrachlorphthalein test was done twice with negative results. 

Hemolytic Icterus—Of great interest were two cases of acquired 
hemolytic icterus. The first (Case 1, Table 8), an Italian girl, aged 16, 


TasLte 8.—Hemolytic Icterus 


Mg. In- Percentage of Dye 


jected in Blood After 
per Ke. -— ns Liver Blood 
Case of Body 15 6 Enlarge- Bili- 
No Weight Minutes Minutes ment Jaundice rubin 
Girl, aged 16, jaundice of three 7 15 15 9em. 1:15,000 
years’ duratior Spleen very 
large 
Man, aged $, jaundice of four 7 Ss 9 7em 1:5,(0a 


years’ duratior 


had noticed the pronounced yellow color of her skin for three years 
She was distinctly icteric but well nourished. The spleen and liver were 
both enlarged to about 3 inches (7.6 cm.) below the free border of the 
ribs. The blood count showed merely slight anemia. The fragility of 
the red blood cells was normal. Examination of the stools and urine 
showed a very great increase in the excretion of urobilin. The urine, 
in addition, contained traces of bile. This patient subsequently had a 
splenectomy performed and made a complete recovery, losing the 
jaundice entirely. The pathologic reports on the spleen showed fibrosis, 
activity of the cells lining the venous sinus and slight atrophic changes 
in some of the follicles. The tetrachlorphenolphthalein test, done five 
days prior to the operation showed very pronounced retention. 

The second case (Case 2, Table 8), a man, aged 24, had had slowly 
increasing jaundice for four years. Two vears before we saw him an 
exploratory laparotomy had been done, with entirely negative results. 
His stools were of normal color and the duodenal tube revealed normal 
bile flow (the bile contained 17.5 mg. of urobilin per hundred cubic 


centimeters). The urine contained not only bile but urobilin (120 mg. 
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twenty-four hours). The liver was enlarged to 7 cm. below the rib 
rder. The red cells showed normal fragility. In spite of the jaundice 
d all the evidences of very active hemolysis, the function test showed 
nly very slight impairment, 8 per cent. of dye at fifteen minutes, 5 per 
nt at one hour. 

Taste 9.—Pernicious Anemia 


Mg. In- Percentage of Dye 
jeeted in Blood After 
per Kg. on - Liver Blood 
of Body 15 ta Enlarge- Skin Bil 
Weight Minutes Minutes ment Jaundice rubir 
Typical Cases 


Woman, aged 49; one year anemia: 7 7 0 Lemon 1:1 we) 
+4 hours’ urine, 30 gm. urobilin vellow 
Man, aged 3); spleen enlarged 7 4 4 
Atypical or Doubtful Cases 
Woman, aged 55; weakness or pal 7 { 6 ( Lemot at 
lor ten years. Hydrochlorie acid yellow 
present in stomach contents 
High color index. Macrocytosis 
Smooth tongue 
6 rl ( 


Man, aged 52. Chronie tuberculosis 
Large spleen and liver. 20) gm 
urobilin in 24 hours’ urine, 4.08 
gm. in 24 hours’ stool 


Pernicious Anemia.—Two cases of pernicious anemia, in spite of the 
bvious evidence of pronounced hemolysis, showed normal liver function 
sts or only slight dye retention. In addition to these, Case 4 (Table 9) 
an unclassified case of grave anemia, in which the striking feature 
vas the great urobilin excretion (279 mg. in twenty-four hours urine), 
nd in which nevertheless the tetrachlorphenolphthalein test showed only 
suggestion of dye retention. Case 3 (Table 9) showed many features 
| pernicious anemia but the presence of free hydrochloric acid in the 
vastric contents, and the long course, give reason for some doubt as to 
the exact classification. The dye figures are somewhat higher than in 
the typical cases. 
Tasie 10.—Leukemia, Hodgkin's Disease 


Mg. in- Percentage of Dye 
jected in Blood After 


per Kg... ——_~_-———~ Liver Spleen Blood 

s of Body 15 @ Enlarge- Enlarge- Bili- 

No Weight Minutes Minutes ment ment Jaundice rubin 
1 Myelogenous leukemia .... 5 4 Trace 7em. To pelvis 0 0 
Hodgkin’s disease (gland 7 4 3 7 em. 0 0 


excised) 


Leukemia and Hodgkin's Disease.—There was one case of each of 
the above conditions. Liver tests were done because it was thought that 
perhaps it might be possible to detect the liver infiltration which fre- 
quently occurs in these diseases. Although in both of the cases the liver 
was greatly enlarged so that it is fair to assume that such infiltration 
Was present, there was no retention of dye. This requires explanation 
and deserves further study. 
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Control Cases (no liver disease).—There were twelve control cases, 
that is, cases in which there was no reason to suspect liver damage. 
It will be noticed that the results are approximately the same whether 
the patients received 5 or 7 mg. of tetrachlorphenolphthalein per kilo- 
gram of body weight. The rather high percentages in Cases 2 and 3 
(Table 11) (both receiving 5 mg. of dye per kilogram of body weight) 
were probably due to a little hemolysis of the blood. These were done 
early in the series, before we realized the importance of avoiding the 
slightest hemolysis. With the exception of these two cases it can be 
stated that cases in which there is no liver impairment, uniformly show 


Tas_e 11.—Control Cases—No Liver Disease 


Mg. In- Pereentage of Dye 
jected in Blood After 


per Kg —- ~ can Liver Blood 
Case of Body 15 00 Enlarge- Bili- 
No. Weight Minutes Minutes ment Jaundice rubin 
1 Pulmonary abscess 5 6 0 rT) 0 0 
> Pulmonary tuberculosis . ; 5 15 4 7) 0 0 
} Ureteral calculus ; 8 8 5 0 0 v 
4 Postencephalitie radiculitis oe 5 ) 0 Palpable 0 0 
5 Viseeroptosis ° . 5 5 0 Palpable 0 0 


6 Diabetie acidosis 


7 6 oO 0 0 0 
7 Chorea 7 7 0 0 0 0 
S Dysentery J 7 6 0 0 0 0 
9 Cardiospasm 7 7 Trace 0 0 0 
10 Inguinal adenitis, diabetes 7 6 2 0 0 300,000 
ll Pleurisy with effusion 7 7 2 0 0 400,000 
12 Gonorrhea! epididymitis .. 7 5 Faint 0 0 0 
trace 
Paste 12—Duodenal Ulcer * 
Mg. In- Percentage of Dye 
jected in Blood After 
per Kg. ——-——"—-—, Liver Blood 
Case of Body 15 a Fnlarge- Bili- 
No. Weight Minutes Minutes ment Ieterus rubin 
1 Duodenal ulcer . 5 3 0 0 0 6 
2 Tmodenal ulcer 7 12 6 0 0 0 
3 Duodenal ulcer ‘ 7 9 2 0 0 0 
4 Duodenal uleer aene 6 9 Trace 0 °o 0 
5 Duodenal ulcer 7 10 > 0 0 0 


* All diagnoses based on clinical findings and roentgen-ray confirmation 


less than 8 per cent. of dye in the fifteen minute sample, and less than 
3 per cent. of dye in the sample of blood obtained an hour after injection. 

Along with this group we wish to present another group of five 
cases of duodenal ulcer. These were originally intended to form part 
of the control group. 


Duodenal Ulcer.—It will be noted that four of these cases show 
rather higher than the usual percentage of dye at fifteen minutes and 
two of them (Cases 2 and 3, Table 12) show percentages at an hour 
that are on the verge of retention percentages. We are unable at present 
to indicate the significance of this. In all the cases the clinical diagnosis 
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duodenal ulcer was confirmed by definite roentgen-ray findings but 
t by operation or necropsy. Possibly further studies, particularly if 
me slightly more sensitive method of testing can be introduced, may 
licate some real connection between liver dysfunction and duodenal 
lcer. It is interesting to note that one of our cases of hepatic cirrhosis 
necropsy showed a healed duodenal ulcer. Since the etiology of so 
iny cases of cirrhosis is unknown, it is permissible to speculate that 
ronic infections in the portal drainage area may play a causative role, 
| that the slight impairment of function noted may have some 
enificance. 
GENERAL VALUE IN DIAGNOSIS 

Interpretation of the Test as Affected by Jaundice.—Every case that 

wed distinct jaundice from any cause, excepting pernicious anemia 
d hemolytic icterus, also showed some dye retention and usually about 
proportion to the degree of icterus. It is evident that in obstruction 
the bile duct the test is valueless, and in milder degrees of jaundice 

s at best only of very limited diagnostic value. Since in a considerable 
portion of diseases of the liver, there is more or less jaundice, the 
trachlorphenolphthalein test is limited in its usefulness as a diagnostic 
asure to those cases of suspected liver disease or dysfunction in which 
ere is no or minimum jaundice. In such cases it may either be of posi- 
e value, pointing to the liver as the seat of disease, or of negative 
lue in helping to exclude liver lesions. 

Positive Value of the Test.—<s instances of the test’s positive value 
the following seventeen cases there was distinct dye retention. 

It is seen by glancing at the table that the test is most likely to be 
diagnostic use (a) in the confirmation of the diagnosis of suspected 
rrhosis of the liver; (>) for the detection of liver metastases in cases 

malignant disease. 

Case 2 (Table 13) in this group is of particular interest because the 
er function test enabled us to predict the existence of serious liver 
sions, at a time when the other findings of the case did not lead to any 
ispicion of their presence. The patient was a woman, aged 58, with 
history of repeated attacks of severe pain in the right upper abdomen, 
idiating to the back and shoulder, at intervals over a period of six 
onths. She was very ill, with rigidity and tenderness in the right 

upper abdominal quadrant and subicteric appearance of the conjunctiva. 
[here was no bile in the urine. Operation showed an acutely inflamed 
gallbladder with numerous gallstones; cholecystectomy with drainage 
vas performed. A month after operation the patient’s general condition 
was fair but the biliary fistula had not yet closed. At this time the liver 
function test showed retention of 23 per cent. at fifteen minutes and 25 
per cent. at one hour: the patient’s serum was faintly icteric. The cause 
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of the poor liver function was rather obscure. The patient was allowed 
to go home, the case being diagnosed as cholecystitis. Three weeks 
later (two months after the first operation) the patient came back o 
account of the persistent biliary fistula, and an exploratory laparotomy 
was done. This time the liver was found to contain many hard nodules 
of metastatic carcinoma ; one of these obstructing the common duct in th 


hilum was the cause of the persistent fistula. 
Taste 13.—Positive Value of Test in Diagnosis 


Mg. In- Percentage of Dye 


jected n Blood After 
per Kg Liver Bloo 
Case of Body 15 e Enlarge Bil 
No Weight Minutes Minutes ment Icterus rubin 
1 Atrophie cirrhosis January 5 12 l 
(subsequent January 21 lt 1” 
necropsy September 21 l l 
? Persistent biliary fistula. Metas ) , ‘ 0 
tatic carcinoma. Necropsy 
Hard rregular liver probably 0 
metastatic carcinoma. No opera 
tion 
4 Cardiorenal disease Fibrillation f l 
Decompensation Mitral insuffi 
ciency 
Large carcinoma filling entire up 12 
per abdomen on right — sice 
Operation 
6 Probable cholelithiasis (repeated 7 1 . ler ‘ 1: 30) 04 
gallstone attacks). No operation 
7 Splenomegaly, cause unknown 7 l Ss Large ( 1: 400,08 
Possibly early cirrhosis 
8 Pneumonia Possible cholecystitis 7 I li 
+ Portal thrombosis following i) s r 
splenic abscess 
lo Carcinoma of stomach. Liver met- 7 | 1 Faintly 
astases found at operation 
11 Atrophie cirrhosis Healed duod 7 l l 
enal ulcer Necropsy 
12 Recurrent carcinoma of colon 7 | ‘ 1:2 
Liver metastases felt at opera 
tion 
13 Atrophie cirrhosis . 7 15 0 0 
14 Colloid carcinoma of colon One 7 1 1” ’ ( 0 
large metastatic mass in liver 
near the gallbladder 
15 Coronary disease Right side of 7 Kf 1) Very large 
heart dilated licen 
16 Cholecystitis (typhoid bacillus 7 IV 8 0 Faint 
and lithiasis Nonobstructing trace 
stone in common duct. Urine 
negative for bile 
17 Large carcinoma of sigmoid. Test 7 l 1 ( ( 


nineteen days after operation 
when patient was convalescent 
Liver palpated during operation 
No masses felt 


Case 10 (Table 13) was an instance of a large tumor in the left 
upper abdomen of a patient, who had been in the hospital for three 
weeks. It was not noticed that he was jaundiced until the day on which 
the liver function test was performed. At that time faint jaundice was 
seen for the first time. Operation showed carcinoma of the stomach 
with numerous small metastases in the liver. 

In Case 17 (Table 13) an emergency operation had to be done for 


perforation of a large carcinoma of the sigmoid. On account of peri- 
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nitis and poor general condition of the patient the liver was onl) 
stily palpated at operation. Nineteen days later the dye test showed 
arked retention. We believe that it is safe here to infer the existence 
liver metastases. 

Negative Value of the Test-—The reserve power of the liver is very 
rge. It is possible for an animal to live on 30 per cent. of the normal 
ount of liver tissue. It is probably because of this that the negative 
sult of a functional test in excluding liver diseases has only limited 
lue. For example, in several of our cases of syphilis of the-liver in 
hich large lesions were easily palpable, the function test was quite 
rmal and in these cases the conclusion must be made that not enough 


er tissue was involved to show in the test. 
Taste 14.—Negative Value of Test in Diagnosis 


Mg. In- Percentage of Dye 


jected in Blood After 
per Kg - - - Liver Blood 
of Body 1S Oo Enlarge Bil 
Weight Minutes Minutes ment Jaundice rubin 
Coronary disease; decompensatior ) 6 0 Enlarged 0 
cm 
Pancreatic abscess 7 Trace 0 0 
Pulmonary abscess ) 6 0 0 0 ° 
Splenomegaly . ) i Trace 12 «m ( 0 
Subphrenic abscess?’ Pneumonia U 7 Trace Palpable o { 
Emphysema Decompensation (test 7 Trace sen 0 0 
repeated four days later; pa 7 li Trace 
tient’s condition same) 
Myelogenous leukemia . 4 Trace Very large 0 0 
7 em 
Hypertension, decompensation, ( 5 Trace dem ( v0 
inasarca Subsequently went 
home entirely compensated 
Congenital enlargement (ang 7 s Trace 17 en 0 0 
omay) of liver 
Chorea (suspected Wilson's disease 7 7 ) 0 ) 
Dysentery 7 6 ) 0 0 
Syphilis of liver. Splenomegaly i ) Trace 0 ( 1:300,000 
Visceroptosis ) 5 0 0 1:200,000 
Sarcoma of polyeystie kidney 7 5 ; 0 0 0 
Operation 
Syphilis of liver 7 5 Trace - 0 1:200,000 
Nephritis following infectious jaur 7 D ; 0 (fading 0 
dice 


On the other hand, there were cases in which the question of liver 
vsfunction or actual liver diseases was raised, and in which a negative 
nding of the test seemed to be of value and was in agreement with 


e diagnosis, at which we finally arrived (see Table 14). 
Several of these cases were particularly interesting. Thus, Case 2 
lable 14) was a man, aged 42, with a history of several years of 
epigastric pain and some fever, who, on examination, showed a large, 
tense rounded mass, the size of a child’s head, in the epigastrium. The 
preoperative diagnosis lay between infected cyst of the liver and a peri- 
gastric abscess. The liver function test was normal. Operation showed 
an abscess of the pancreas. 
Case 9 (Table 14) was another important case. <A stunted, but 
otherwise well developed boy, aged 8 years, came to the hospital because 
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of enlarged abdomen; his only symptom or physical sign was an enor- 
mously enlarged liver (17 cm., vertical measurement) with a rounded 
smooth edge. This enlargement of the liver was known to have been 
present since the age of 1 year. A very complete set of laboratory find 
ings was entirely normal, as was also the tetrachlorphenolphthalein test 
While the diagnosis cannot be made with certainty, it seems probable 
that the condition was a benign tumor, probably an angioma of the liver 

Case 10 (Table 14) was of interest because the liver function test 
helped to exclude one of the diagnoses which was at first considered 
namely, Wilson’s disease (degeneration of lenticular nucleus with hyper- 
trophic liver cirrhosis). The test was negative and subsequent neurol- 
ogic study showed the case to be one of chorea. 

In Case 11 (Table 14) a chronic dysentery, originating in the 
Philippine Islands, and probably, though not certainly amebic, the 
results of the test were interesting in helping to exclude liver abscess 
we do not feel, however, in view of Cases 4 and 5 (Table 15), that a 
negative finding is conclusive. It is interesting to compare this result 
with the work of Covell,” who, using the levulose test for liver functior 
found evidence of marked liver insufficiency in the majority of fifteen 
cases of dysentery tested. 

Case 13 (Table 14) is of interest in the negative sense also, as what 
appeared to be an unusually large liver had led previous medical attend- 
ants of the patient to consider various serious liver diseases, to the great 
alarm of the patient. The function test was normal, and careful exam 
ination of the patient showed that the apparently enlarged liver was 
not really but only apparently so enlarged, as the result of a general 
visceroptosis. 

In Case 14 ( Table 14) the question of the location of a huge upper 
abdominal tumor was involved. Physical examination did not reveal 
whether the tumor invaded the liver or not. The tetrachlorphenol- 
phthalein test was negative, and subsequent operation revealed a sarcoma 
arising in a polycystic kidney and not invading the liver. 

Cases in Which the Test Failed —There were five cases in which the 
test might have been said to have failed in the detection of easily demon- 
strable liver lesions. Of these we set aside three, Cases 1, 2 and 3 
(Table 15) of syphilis of the liver in adults past 40. It is interesting 
to compare the results of these with the positive results in cases of 
congenital syphilis in young persons, all of which showed pronounced 
retention. It may be inferred in these older persons that the distortion 
and nodule formation of the liver was for the most part due to cicatriza- 
tion as the result of previous gummatous processes, and that the location 
of the scars was such as not to seriously impair the circulation or bile 


6. Covell, W. A.: Guy’s Hosp. Rep. 73:354 (July) 1923. 




















OTTENBERG ET AL—LIVER FUNCTION TEST 225 


ainage of the remaining liver tissue. Probably the long duration of 
e disease, giving ample time for liver regeneration, was another factor 
importance. 

In Case 3 (Table 15), however, the gumma was evidently very 
ent because a large gumma of the dome of the liver broke down, 
ame infected and had to be opened and drained. At operation, the 
pical syphilitic scarring of the liver was recognized. 

(Of greater importance, perhaps, are two cases of carcinoma, with 
er metastases. Of these, the first is not so very significant because 
amount of involvement of the liver was so small. The case (Case 4, 
thle 15) was one of carcinoma of the rectum. At operation, the 
rgeon palpated the dome of the liver and found one moderate sized 


lule of carcinoma. 


TABLE 15.—Cases in Which the Test Failed 


Mg. In- Percentage of Dye 
jected in Blood After 


per Kg. — ~ — Liver Blood 
of Body 15 60 Enlarge- Bili- 
Weight Minutes Minutes ment Jaundice rubin 
\equired syphilis; man, aged 59. 7 5 Trace 4 cm. 0 1:300,000 
Large, hard irregular liver, 7 7 Traee : 0 
large spleen 
Probably congenital syphilis. Wo- 7 5 Trace 6 em 0 1:200,000 


man, aged 32. Interstitia] kera- 
titis. Large, hard, irregular liver 
Acquired syphilis; man, aged 47 s) > Trace + 0 0 
Infected gumma. Deep scars of 
liver. Operation 
Carcinoma of rectum. One nodule 7 3 0 0 0 0 
in liver at operation. Test four 
days before operation 
Malignant embryoma, retained tes 
ticle, numerous liver metastases 


Operation, November 3. Ne- 
cropsy, January 1 
October 7 ....... . ‘ 7 7 2 + 0 0 
October 29 .. Senidiiat en 7 s 2 
November # ... naw 7 7 2 
Papillary carcinoma ovary. Mil- 7 4 0 0 0 


iary nodules entire peritoneum. 

Large tumor filling upper ab- 

domen 
Careinomatosis. Large upper ab- 7 5 Trace ? 0 0 
dominal tumor. Diagnosis by 

excision of an inguinal gland 


The other case (Case 5, Table 15), however, is one in which there 
vere numerous and large metastases in the liver, and in which the liver 
unction test was persistently normal. It was in a man, aged 58, who 
id had a laparotomy for a supposed abdominal cyst one year previously, 
ind who for six months had suffered with increasing right sided abdo- 

minal pain and progressive emaciation. The right testicle was missing ; 

the liver was enlarged to 7 cm. below the rib border. Operation showed 
an irregular, nodular tumor in the right retroperitoneal region, and the 
liver studded on all surfaces with hard nodules of varying sizes. The 
pathologic report was “adenomatous syncytial character suggesting 
primary testicular tumor.” The liver function tests both before and a 
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month after the operation were quite negative. The patient lived for 
two months, and necropsy showed that a large part of the liver had been 
replaced by metastatic tumor. 

Two other cases are added (Cases 6 and 7, Table 15) in which liver 
involvement is likely but not certain. They were both very large can- 
cers filling the entire upper part of the abdomen and it seems improbabk 
that the liver escaped metastases. 

On the whole, it is seen that while a postitive test definitely shows 
that there is something wrong with the liver, a negative test does not 
prove the contrary. 

Comparison of the Tetrachlorphenolphthalein with Other Method 
of Testing the Liver Function—We have made no systematic attempt 
to compare this test with other liver function tests. In four cases we 
had a duodenal tube in place while we were doing our test, and we col 
lected the bile by the drop method and noticed the time of the first 


appearance of the bile. The results were somewhat irregular and did 


asce 16.—Comparison of Tetrachlorphenolphthalein Test by Blood 
and Duodenal Methods 


Percentage of Dye in Time for First 

Mg. Injected Blood After Appearance of Dye 

per Kg. of - Bile Obtained by 

No jody Weight 15 Minutes « Minutes Duodenal Tubs 


1 Syphilis of liver 7 , Trace 27 minutes 
Chronic cholecystitis 7 12 8 > minutes 
Visceroptosis 7 , ‘ 3 minutes 

4 Splenomegaly 7 Trace 0 minutes 


uot correspond at all with the blood findings. This suggests that the 
duodenal method is less to be relied on than the blood method, which 
confirms the recent work of Hoxie.’ 

The tetrachlorphenolphthalein test only investigates one, and at that a 
relatively unimportant, function of the liver. Undoubtedly, in the 
future, methods based on the more important functions of the liver, 
such as sugar or fat or hemoglobin metabolism, should become available 
for clinical use. Unfortunately, none of the many tests of this kind 
proposed up to the present is sufficiently quantitative or practical to be 
introduced into clinical medicine. The most promising tests have seemed 
to be the sugar tests (levulose and lactose) and the phloridzin test, but 


unfortunately these all introduce the unknown but certainly variable 


features of intestinal absorption or kidney permeability. For this reason 
we think that, provided its limitations are clearly recognized, the tetra- 
chlorphenolphthalein test at present is preferable to the others. 


7. Hoxie, G. H.: Phenoltetrachlorphthalein Liver Function Test, J. A. M. A. 
82:361 (Feb. 2) 1924. 





OTTENBERG ET AL—LIVER FUNCTION TEST 


SUMMARY AND CONCLUSIONS 


In 103 cases, Rosenthal’s method has proved a valuable index of 
function. Its use in diagnosis has sharp limitations; it is valueless 
ases of obstructive jaundice. 

\fter relief of transient obstruction the ability to excrete the dye 
urns promptly ; but after obstruction lasting more than a week return 
function may be delayed for days or weeks. 

Slow recovery was also observed after lobar pneumonia (one case 

he test was useful in detecting liver disease in sixteen cases, chiefly 
hosis, metastatic carcinoma or cardiac decompensation. Its greatest 
lue will probably be in early diagnosis of liver metastases and in early 
inosis of cirrhosis of the liver. It was of service in helping to 
lude liver disease in eighteen instances, where findings other than 


ndice has suggested that possibility. 


Chere were no false positive results. Two cases of duodenal ulcer 


ved slight retention. This, together with the fact that one case of 
rhosis at necropsy showed a healed duodenal ulcer, suggests chronic 

| infections as a possible cause of cirrhosis. 

In five cases of proved liver lesions the test failed. Three were cases 

epatic syphilis in adults; one, of a very small cancerous metastasis. 
e case of extensive liver metastases, in which repeated tests gave 
vative results, remains unexplained. 

\ positive test always means serious disability, and in the absence of 

duct obstruction, a serious lesion of the liver. A negative test, 
wever, does not always exclude the presence of serious liver lesions. 

regard 5 per cent. of the dye in one hour serum as suspicious, and 
er & per cent. as conclusive of impaired liver function. 

lhe simplicity of the test, and the fact that absorption from the 
testines and excretion by the kidneys are not complicating factors in 
recommend it for clinical use. 








CLINICAL STUDIES ON VENOUS PRESSURE * 
J. A. E. EYSTER, M.D. 
AND 


W. S. MIDDLETON, M.D 


MADISON, WIS 


Recent physiologic studies have tended to emphasize the relations! 
between the pressure of the blood returning to the heart through tl 


veins and cardiac activity. Physiologists may be divided into ty 
schools in this respect at present, one of which, under the influence 0! | 


certain [english workers, especially Starling, believes that it is ven 
pressure which determines cardiac output at each beat, by influenci: 
the initial length or initial tension of the auricular and _ ventricul 
muscle. The “law of the heart,” as developed by Starling, establis! 





a relationship between initial load and energy of contraction in t! 
cardiac muscle as has been shown to exist in skeletal muscle. 1 
other school, led by Yandell Henderson, while recognizing the influe: 
of venous pressure up to a certain point, believes that above this the 
holds “uniformity of cardiac behavior” in which cardiac output d 
not necessarily vary with venous pressure but depends on heart r: 
The recent review of this literature by Henderson ' makes it unnecess 
to enlarge further on this subject. It may be said that whate 
view is taken, the recent increase in physiologic knowledge has great 
improved our conception of the relation of ventricular activity 
mechanical conditions in the circulation and has given a real meani: 
to ventricular incompetence. Ventricular incompetence supervet 
when the initial load on the ventricle, represented by the venous pressu: 
exceeds the physiologic ability of the muscle to respond by increas 
activity. It is analogous to loading a skeletal muscle beyond the abilit 
of the muscle, under existing conditions, to do efficient work. Tl 
muscle fibers stretch beyond their physiologic limits of tonus and fail 
contract, or contract inefficiently, to the excessive load. The limit 
physiologic response of the normal myocardium is evidently quite wide 
as demonstrated by the considerable variation in venous pressure in 
the normal person under usual activity, the rise of venous pressure 
during exercise as shown by Hooker,’ and direct determinations of the 
relation of venous pressure to cardiac output, as shown in the experi- 
mental animal by Meek and Eyster.* Indeed it is questioned by some 
whether it is ever exceeded with a normal heart. The pathologic 


* From the Department of Clinical Medicine, University of Wisconsin. 
1. Henderson, Yandell: Physiological Rev. 3:165 (April) 1923. 

2. Hooker, D. R.: Am. J. Physiol. 28:235, 1911. 

3. Meek, W. J., and Eyster, J. A. E.: Am. J. Physiol. 61:186, 1922. 
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vocardium, on the other hand, must be regarded as showing a 





rrowed range of physiologic response, and may thus be more or less 
sily subjected to a venous pressure beyond this limit. Once the limit 
exceeded, a vicious cycle results, and with failure of the muscle to 
spond the blood continues to accumulate in the veins and the load 

mes greater until an equilibrium is established. Since the amount 
blood supply to the tissues in a unit of time is determined more by 
tivity of skeletal muscle than by any other factor, the great impor- 
nce of absolute muscle rest in cardiac failure, in order to lower the 
mands on the heart muscle and to reduce to a minimum the return 
w of blood through the peripheral veins to the might heart is evident. 


storation of compensation occurs, when, as a result of reduction of 
peripheral circulation to a minimum and perhaps myocardial stimu- 
m, the muscle begins to respond with increased work to the load 


it. As the muscle becomes more efficient in its contraction the load 
nishes, and both cardiac output and venous pressure return within 
I physiologic limit. 

Theoretic considerations such as these would seem to suggest the 
ortance of venous pressure determinations in clinical cases of actual 





impending cardiac incompetence. The regulatory load for the right 
rt is the venous pressure in the systemic veins, that of the left heart 
venous pressure in the pulmonary veins. The former we can con- 
niently measure, the latter we cannot measure in man at the present 


n 


HISTORICAL 


arly descriptions of methods of measuring venous pressure in man, 


* von 


a tew observations on clinical cases were published by Frey, 
sch,® Gaertner,” Sewall,? Oliver * and von Recklinghausen.’ Hooker 
[-yster *® described an instrument, based on von Recklinghausen’s 
ethod, applicable to clinical work and presented data from the normal 

| a series of cardiac cases. Determination of venous pressure by 

e direct insertion of a needle into a superficial vein was made subse- 
juently by Moritz and von Tabora,'' Schott '* and others. A graphic 
method, using two arm bands, was developed by Frank and Reh.'* 


4. Frey, A.: Deutsch. Arch f. klin. Med. 73:511, 1902. 

5. Von Basch, S.: Wien. med. Presse. 20:962, 1904. 

6. Gaertner, G.: Munchen. med. Wehnschr. 74:2038, 1904. 

7. Sewall, Henry: Experiments on Venous Blood Pressure and its Relations 
to Arterial Blood Pressure in Man, J. A. M. A. 47:1279 (Oct. 20) 1906. 
8. Oliver, G.: J. Physiol. 22:51, 1898. 
9. Von Recklinghausen, F.: Arch. f. exper. Path. u. Pharmakol. 55:463, 1906. 
10. Hooker, D, R., and Eyster, J. A. E.: Bull. Johns Hopkins Hosp. 19:274, 
1SOS 

11. Moritz, F., and von Tabora, D.: Deutsch. Arch. f. klin. Med. 98:475, 1910. 

12. Schott, E.: Deutsch. Arch. f. klin. Med. 108:537, 1912. 

13. Frank, L., and Reh, Max: Ztschr. f. exper. Path. u. Therap. 10:241, 1912. 
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hese showed a close correspondence to the results obtained by the 
indirect method of other workers. Hooker, in a series of papers, has 
studied the normal venous pressure in man and the influence of physical 
exercise and other factors. [Exercise * caused an average increase of 


venous pressure in a vein of the hand of 10 cm. of water. The pressure 


reached 26 and 20, respectively, in two instances. A diurnal variation 
occurs,'* characterized by a progressive rise during the day and 
progressive tall during the sleeping hours. In this study Hooker '° was 
unable to confirm the usually accepted inverse relationship between 
arterial and venous pressure, as derived mainly from the animal experi 
ments of Plumier,'® since both arterial and venous pressure fall during 
sleep. Hooker also made a few observations on surgical patients in 
bed, and found readings between 3 and 15 cm. of water, with 
tendency to tollow the diurnal variation noted in ambulatory subjects 
He further showed that local changes in vascular tonus, produced by 
warming or cooling the hand, while varying markedly the amount of 
blood in the peripheral veins, did not notably affect the pressure. He 
concluded that venous pressure is normally independent of peripheral 
arteriole resistance In this paper Hooker also described a modification 
of the original instrument for measuring venous pressure in man 
()bservations in different age groups by the same author '* showed ; 
gradual rise from an average of from & cm. of water in the first decade, 
to 26 cm. of water in the seventh and eighth decades of life. Marked 
variations were found, however, between different persons in the sam« 
age groups, attributed to diurnal variations and the influence of bodily 
activity. 

Clark '* made frequent venous pressure readings on fourteen patients 
with cardiac decompensation, and concluded that such determinations 
had definite value in prognosis and treatment, and gave information as 
to the degree and progress of the condition not obtainable by other 
means. He regarded an approximate venous pressure of 20 cm. of 
water as representing the critical clinical level in such cases. Above 
this level a rising venous pressure has an unfavorable; a falling venous 
pressure, a favorable prognostic significance. As Hooker '* notes, this 
value approximates the normal value found by him in ambulatory 
subjects of the same age group. Hooker's average for age 50, which 
was the approximate age of a number of Clark’s cases, was 19.04 cm. 
of water. He ascribes this rather anomalous situation to a difference in 


14. Hooker, D. R.: Am. J. Physiol. 35:73, 1914. 

15. Hooker, D. R.: Am. J. Physiol. 40:43 (March) 1916 

16. Plumier Arch, internat. de physiol, 8:1, 1909. 

17. Clark, A. H.: A Study of the Diagnostic and Prognostic Significance of 
Venous Pressure Observations in Cardiac Disease, Arch. Int. Med. 16:587 ( Oct.) 


1915. 
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technic of reading the pressures and to the influence of rest in bed, 
rking that the influence of the latter factor has not been determined. 
these reasons he believes his normal figures are not in conflict with 
‘s findings in cardiac decompensation, 


Ss 


METILODS 


e instrument used in our clinical determinations was the one 
lly described by Hooker and Eyster,’* employing a box covered 
rubber-dam and applied to the skin with the aid of glycerin. We 
this to the later modification of Hooker, in which is used a 
ipsule attached to the skin with collodion, because, with the 
er apparatus frequent determinations on different patients can 
le with rapidity and ease. Determinations were made at heart 


the technic described in the first paper referred to in the 








y Tver 
THE NORMAL VENOUS PRESSURE IN MAN 
reliminary studies were made on several normal subjects carrying 
eir usual activities throughout a period of twenty-four hours, 
g which frequent determinations were made. These confirmed 
TABLE 1 l’enous Pressure at Bed Rest in Normal Subject 
Days ¢ Tota Venous Pressures 
Observa Detern 
etic tic nations Highest Lowes \verage 
kle spra 7 4.7 
red fer { 
: ‘ 7 4.7 
; one i 
$ 4 
‘ te i ‘ | 
pendicitis s é $4 
(hronie s sitis { 4.0 
Rest case j * ‘ 
( ‘ ¢ tonsillitis $ 
erstitia ‘ tis 4 s S 
Rest case 4 4 - 1 ‘ 
Rest case 4.4 
Rest cause s ( ( 
(onvalescent te ute ay 
pendicitis 7 4 
Valescent atte eute I 
pendicitis s ‘ 
‘ ronic enteritis , , 4 is 
rubereulosis of hip ( 14 3 o 
fantile paralysis ! “ s ‘ 
Spastic iraplegia j ‘ 
fantile paralysis l S t 4 4.0 
fantile paralysis 7 4 : 4 
Pe e ; “f° 
‘ ’ ‘ i ~ 
St s ‘ 6 4.0 





previous results of Hooker and Eyster ** that (1) a diurnal! varia- 


exists, the pressure tending to rise throughout the day and reach- 
its lowest level before getting out of bed in the morning, and (2) 
it the range of pressures was large. A variation between a few centi- 


ters of positive pressure up to 18 cm. is not uncommon. 
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From the standpoint of the significance of venous pressure deter- 
minations in various clinical conditions on patients ill in bed, it seemed 
to us of first importance to determine in a considerable group of cases 
the average bed normal venous pressure and its variations. We there 
fore started a series of such determinations on patients admitted to th 
University Hospital for minor surgical conditions or rest treatment 
A small proportion of those on whom repeated observations were mac 
are summarized in Table 1. In addition to those recorded, we hav« 
made observations on numerous similar cases and are convinced tha 
the venous pressure in a peripheral vein of a normal subject who is at 
rest in bed, and who has been in bed for a few hours, rarely if ever 
rises above 11 cm. of water. The highest single reading we have eve: 
obtained in hundreds of determinations was this figure. This reading 
appears also to be quite independent of age. The older subjects, afte: 
ordinary exertion and in the erect or sjtting position may, however, show 
the relatively high reading as found by Hooker ** in his studies on tl 
influence of age. Venous pressure determinations under conditions « 
bed rest above 11 cm. of water we regard, therefore, as of clinica! 
significance. 

THE VENOUS PRESSURE IN CARDIAC DECOMPENSATION 

Routine determination of venous pressure in cardiac cases wit! 
decompensation has been carried out in the University Hospital for sey 
eral years. These have substantiated the original conclusions of Hook« 
and Eyster,'’ and the subsequent confirmation by Clark ™* that (1) th: 
peripheral venous pressure rises to an abnormal level in this condition 
(2) the degree of rise is approximately proportional to the degree o! 
clinical heart failure, and (3) that such determinations are of value in 
prognosis and treatment. Further, the work of Clark ?* in demon 
strating the relation between venous pressure and urinary secretion i 
such cases has been confirmed. The urine output in relation to the 
fluid intake varies approximately inversely as the venous pressure 
If venous pressure determinations are made sufficiently frequently, it is 
usually found that a change in venous pressure precedes the change in 
urine output. Charts from these cases parallel quite closely those previ- 
ously published by Clark." 

The phase of the subject, which has particularly interested us in a 
group of these cases, is a possible relation between venous pressure and 
cardiac size. In six cases of decompensation with subsequent restora- 
tion, in addition to frequent venous pressure determinations, we have 
made teleradiograms at certain intervals. These were made with a bed- 
side roentgen-ray unit, the patient reclining at an angle of 30 degrees 
on a special back rest, with precautions to secure accurate alinement of 
the tube and film. The distance from target to film was 2 meters. The 











EYSTER-MIDDLETON—VENOUS PRESSURE 233 


lhouette area and greatest’ transverse diameter were measured and 
irrected for distortion. Data from these cases are given in Table 2. 
he first two cases are of mild decompensation with only moderate 
levation of venous pressure. During restoration, the venous pressure 
ll from 12 to 8 em. in the first and from 10 to 5 cm. in the second. 
\o definite changes occurred in area or transverse diameter of the 
irdiac silhouette. The remaining cases were of more severe decom- 
ensation with much higher initial venous pressure. Case 3 showed 
total reduction of 17 per cent. in area, and 3 per cent. in transverse 





TaBLe 2.—Il enous Pressure and Heart Size in Cardiac Decompensation 
Venous Teleradiogran Change in per 
Pres- — - Cent. of Preceding 
Days Water Urine’ sure Area Trans Determination 
of Intake Output in in verse + — - 
Hos in in (Cm. of Sq. Diameter In In Tr 
Disease pital Ounces Ounces Water Cn in Mu Area Diameter 
Mitral stenosis, mitral 1 14 33 12 he 163 
regurgitation, aurl¢ 4 » MO 11 Pa) 1 2 
ular fibrillation > ) a) 10 O68 1”) 0 
s 30 l ty OO 1) ‘ 0 
9 . 198 161 l 
Mitral stenosis, mitral } 4) 5 10 1S5 1 
regurgitation * up 7 187 153 1 —4 
8 a) 35 5 J83 le ‘ 
Mitral regurgitation, 1 42 6 ; we ' 
mitral stenosis, auricu- 6 52 19 14 Hiss im 11 
lar fibrillation 15 s 19 1s 5 1 , 
25 os os Ss ™’) 1% 4 
Mitral stenosis 4 > lt 1 136 
f 37 >» 1 19 141 ; 
1 20 ? ) 170 1% 1 , 
Mitral regurgitation l 4 7 18s 
5 4 “ 4 17 217 1st) 4 l 
31 1s 15 221 1S 
4 Sal 6s 12 211 17s 4 
, Ba) 44 4 217 I™> 1 
1” 37 oO 1 211 167 7 
Mitral stenosis 1 33 7 3 14 
Mitral regurgitation 3 4) » ” 171 4 
Auricular fibrillation 6 45 12 13 172 1 
1 30 > 7 163 4 
40 7 37 7 229 l6y 
7) » 17 17 238 173 4 
a7 » 25 8 10 157 12 


diameter. Corresponding figures in Case 4 were 10 per cent. reduction 
in area and 7 per cent. decrease in diameter and in Case 5, 7.5 per cent. 
lecrease in area and 11 per cent. decrease in diameter. In Case 6 there 
were two well marked periods of decompensation, as determined clin- 
ically. In the first, the venous pressure fell from 23 to 7 cm. There 
was an apparent increase in area of 4 per cent. and an increase in 
diameter of 2 per cent. In the second period of decompensation the 
venous pressure fell from 17 to 8 cm. There was a reduction of 12 per 
cent. in area and 9 per cent. in diameter. No data are at present availa- 
ble to determine with certainty the error of determinations of this type 
on bed patients. The changes in the area observed are relatively small, 
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but reach considerable magnitude if calculated as heart volume.'* The 
influence of falling heart rate as compensation is reestablished, would 
presumably act in the opposite direction to that found, namely to increase 
the heart size, but here again available data are not entirely satisfactory 
( Hleitler '’) \ single observation which we have made on a case of 
paroxysmal fibrillation, not associated with evidence of decompensation, 
showed a reduction in the orthodiagraphic area amounting to 16 per cent 
during the attack when the cardiac rate was 108, as compared with a 
normal rate of 84. Return to normal area occurred on the cessation 
f the attack, the two areas agreeing within 3 per cent. The transverse 
diameter was reduced 12 per cent. during the attack, returning to withi 
2 per cent. of the previous transverse diameter. Venous pressure before 
and subsequent to the attack was & cm., during the attack, 9 cm. of water 
We feel that our results indicate that, as the decompensated heart 
regains compensation, there is a tendency toward reduction of its size, 


vhich parallels approximately the falling venous pressure. 


COMPENSATED CHRONIC CARDIAC DISEASES 


\We have made a number of observations on cases with chroni 
cardiac disease at bed rest for some condition other than cardiac. Ii 
these cases are clinically well compensated, venous pressure determina 
tions are within the normal range. Cases showing clinical evidence of 
rather poor compensation may show pressures in the upper limits of 


normal, with an average above the usual normal case. 


ACUTE RHEUMATI FEVER 


Repeated venous pressure determinations on patients with this dis- 
ease throughout their stay in the hospital, failed to reveal in any instance 
a reading above the normal bed maximum, and the average determina- 
tions were approximately normal. Observations on these cases we 
regarded as of especial interest, because of the definite cardiovascular 
findings almost uniformly present and because of the frequency of the 
development of valve lesions. This interest led us to extend our 
hservations to a series of cases in which, in addition to venous pressure 
observations, there were also carried out careful and frequent clinical 
examinations, determinations of gross alterations in the peripheral cir- 
culation and a study of capillary flow and pressure. The capillary 
observations were made with the apparatus and method of Danzer and 
Hooker.” Our first effort was to establish a series of normal observa- 


18. A change of 17 per cent. in area, according to Bardeen’s (Am. J. Anat 
23:423 [March] 1918) determinations in the human heart would represent a 
change of approximately 24 per cent. in volume. 

19. Heitler, M.: Berl. klin. Wehnschr. 48:281, 1906. 

20. Danzer, C. S., and Hooker, D. R.: Am. J. Physiol. 52:136 (May) 1920. 
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ns under the conditions of our clinical studies. (bservations were 
st made on twenty normal subjects in the sitting position. These 
jects were between 17 and 26 vears of age. ‘Thirteen were men, 
en were women. A series of pressure readings was made in each 
se and the average obtained. In addition to pressure readings, the 
mber of capillary loops in a microscopic field through which blood 
was evident was stated in percentage of the total number of loops 
ble in the field. This figure is given as the percentage of patency. 
e average capillary pressure in the group was 21.85 mm. of met 
which approximates the figure of 22.2 mm., found by Danzer and 
oker in thirty-one subjects. The highest average reading obtained im 
subject was 28.5 mm., the lowest 19 mm. The usual field under the 
roscope showed from 12 to 14 capillary loops in the distal row, witl 
itency of about 75 per cent., in other words, blood flow was present 
ibout three-quarters of all capillary loops visible. This varied from 
to 9O per cent. in the different subjects. The venous pressure in 
se subjects varied between 7 and 14 cm. of water, with an average 
ipproximately 11 cm. No definite correspondence between capillary 
ssure and venous pressure within these ranges could be established 
the venous pressure readings below the average for the group the 
illary pressure averaged 21.1 mm., in those above the average, the 
illary pressure averaged 21.6 mm. Danzer and Hooker note the rela- 
constancy of capillary pressure and the absence of any marked 
irnal variation. This is in contrast to venous pressure, which is quite 
riable through wide limits in subjects under ordinary conditions of 
and shows a definite diurnal variation. 
Danzer and Hooker note a fall of capillary pressure in two cases in 
recumbent position, and state that in hospital bed cases, readings 
tween 13 and 15 mm. are the rule. In extending our own observa 
ns to provide a normal basis for our clinical studies, we carried out 
bservations on five patients confined to bed for bone fractures and 
wing no cardiovascular pathologic changes. The highest average 
essure found in these cases was 17.5 mm., the lowest 14 mm., with an 
erage for the five of 15.6 mm. Flow through visible loops comprised 
proximately the same percentage as in the series of subjects in the 
rect position. 
The studies carried out on ten patients with acute rheumatic fever 
summarized in Table 3. All of these were students in the Univer- 


ity who had had a physical examination on entrance. Only one showed 


evidence of cardiac involvement before the onset of the acute rheu- 
matism. Evidences of low vasomotor tonus manifested by these patients 
were low diastolic pressure, high pulse pressure, macroscopic capillary 
pulse and auscultatory sounds over the peripheral arteries. Venous 
pressure observations showed no change from the normal. Capillary 

















d 
d 
yy 





}0 


sts 


tA 


punoy 
1OUS 
[Ost 











as 













Os rel i" 

cL £1 t 

cL tl ” 

Os l 

on l 9 

Oot il y 

ool 6 ' 

OR el ' 

“ él ” 

d ool % 4 

oot 6 t 
uo Aoual a ame 
t df Sud 1dAV 

MARIOAY 


UOT RAL 
Alt 








mo'y 


allissadd 
snouded 












L’9 RE w" Sil 
L we tt 
8 te 
8 tr 
~~ oy Cel 
s or 
G i eu oll 
6 6 a) ell 
~ 19 at cel 
L be Lé 
£ w ett 
wh aw ayyoy oor 
sold seu SAS 
ad A | 


UNS 
jeuewy 


NIDUNIY NY OPMIP 








peonped * pay tyeuou ‘N 'ydeseid Sa}Boipul ‘q , 











0 OR OK ol oo “aTRlwaAy 
d d auoN 7) ol 
d d d auON 0 6 
d d d auoN 0 . 
d d vuON 0 L 
d d ouOoN I ” 
, au0oN 0 ce 
d d d auON 0 t 
d d d d vuON I £ 
peau 
d d d d d @Lt puroayoy | é 
d d d 66 auoN I I 
uols punoyg nyOy myo) oor yo. «sARd stu SOR) oFR) 
Puoves -SHIC SAN shy shy ul puld av 
quoulod Vd HAY [HSH UOTPRA VRIPAB) SNOLA 
pejeny 18g dd 
14 -lwwoy jo 
~ uo 
sau 4A onary nim 














EYSTER-MIDDLETON—VENOUS PRESSURE 237 


ssures averaged slightly but definitely lower than the control series 
normal bed patients. If the one case of definite organic valvular 
ease is excluded (Case 2), this difference is more marked. The 
rage patency of observed capillaries was somewhat higher than 
rmal. Capillary flow appeared normal in all but two, where it was 
ehtly reduced. Acute rheumatic fever appears to be associated, there- 
e, with a reduction in the peripheral tonus of the blood vessels in a 
ry high percentage of cases. Venous pressure is unaltered, however, 

this fact further supports the conclusion that changes in venous 
ssure are due much more to retrograde influences from the heart 
n to alterations in peripheral resistance. 


LOBAR PNEUMONIA 

Che frequency with which cardiac failure supervenes in lobar pneu- 
nia is well known. Whether this failure is usually due to primary 
rload of the right heart as a result of conditions in the pulmonary 
uit or whether it is primarily myocardial with a toxic basis has been 
subject of much discussion. In either event the hemodynamic con- 
ons at the time of failure should be similar, and the event should be 
nalled by or at least associated with a rise of venous pressure 
y! in a series of twenty-one cases of lobar pneumonia, found tele- 
iographic evidence of cardiac dilatation in 62 per cent. He inter- 
ted this as indicating an increased load on the heart with dilatation 

increased work. None of these cases showed clinical evidence of 
diac failure. Venous pressures were not measured as a routine, nor 
figures given, but the statement is made that in a number of cases 
ous pressure was normal. 

\Ve have made frequent venous pressure observations in eight cases 
lobar pneumonia. In six of these the venous pressure was well 
thin the normal range throughout. These cases showed no clinical 
idence of cardiac failure. In two cases, periods of cardiac failure 
pervened and in each were associated with an abnormally high venous 
essure. In one case two definite periods of clinical decompensation 
urred with ultimate recovery. Parallel observations of capillary flow 
d cardiac size were made in this case, and the data would seem to be 


sufficient interest to present in some detail. 


REPORT OF CASE 


History—Mrs. K., aged 53, had a chill thirty-six hours previous to hospital 
mittance. There were signs of consolidation of the left lower lobe, and a 
stolic murmur at the apex. Blood pressure, systolic 108, diastolic 68, venous 
ressure 8. Capillary circulation in finger nail bed was normal. The pulse 

21. Levy, R. L.: The Size of the Heart in Pneumonia, Arch. Int. Med. 
32:359 (Sept.) 1923. 




















e second morning in hospital the patient became much mor 

ic. Leukocytes, 16,000. These was extension of consolidation t 

lobe The venous pressure was 9 in the morning, 13 at 7 

ies showed contraction but no signs of stasis. Pulse, 120. 7 

re good Pulmonic second sound was accentuated Systol 

tastolic, 58 At 11 p. m. large numbers of moist rales were heat 

Involvement of the right lower lobe was present. Capillars 

vidence of stasis. At 6 o'clock the next morning (third day 
ient was very cyanotic and ashen. The pulse was 116. There 

f the heart to percussion. Accentuation of P* less. Stasis 

re than one-half the capillary loops observed, slow streaming in others, ar 
eral dilatation of capillaries. The venous pressure was 17. Systolic press 
diastolic 66. Two hours later there was marked increase noted in the ext 

of pulmonary edema. Marked dyspnea was present. Oxygen, strophant 

(intramuscular) and camphorated oil (intramuscular) were administered. TI! 

next rning (tourth day in hospital) the cyanosis was lessened Phere 

no important change in the pulmonary signs. Large and medium moist rales 
great numbers were still present throughout both chests There was 
enlargement of the heart to percussion P* was somewhat accentuated | 

enous pressure was 14. Subcyanosis was present in contrast to the deep cyanos 
ind ray of yesterday. The pulse was of better quality, rate 112. Syst 





pressure 120, diastolic 64. In the afternoon of the same day the condition 





similar The venous pressure was 13. Stasis in the capillaries was definit 
less. On the next morning (fifth day there was a great reductio1 

the number of large bubbling and ot s. There was no extensior 

consolidation. Cyanosis was much less marked. The dyspnea was much lessen: 
Pulse 116, systolic pressure 124, diastolic 70. Signs of stasis in capillaries w 

much less marked The streaming of blood was much faster and there 


practically no beaded flow. The venous pressure was 7. In the afternoor 
this day the venous pressure was 9, systolic pressure 128, diastolic pressure 7 
i 


There were no large bubbling rales. The medium moist rales were lessened, 


there was marked subjective improvement. Pulse rate, 120. On the next mori 
ing (sixth day in hospital) the condition was unchanged Resolution wv 

beginning in the lower lobes. Venous pressure 9, systolic pressure 128, diastol 
pressure 64. Capillaries showed increased stasis. Venous pressure in the after 





noon, 8. Reduction in degree of capillary stasis. On the next morning (sevent 
day) signs of resolution were marked at bases but lower portion of the rig! 
upper lobe was now involved. The pulse rate was 130, systolic pressure 132 


diastolic 70. Venous pressure, 14. Increase of cyanosis. Intramuscular stropl 
anthin again employed, with increase in capillary stasis with beaded flow. In tl 
afternoon the pulse rate was 120, systolic pressure 130, diastolic 68, venous pres 


sure 14. Signs of stasis in the capillaries were lessened. Pulmonic second sow 
was accentuated At 10:30 p. m. venous pressure was 10 cm., systolic pressur 
116, diastolic pressure 58. Only very slight evidence of stasis was present in t! 
capillaries Definite improvement was noted in the general condition on tl! 
following day (ninth day in hospital). The lungs were clearing throughout 


The first heart sound was of excellent quality, the systolic murmur was louder 


Pulse rate 96, systolic pressure 110, diastolic 56, venous pressure 4 cm. Ther 
was very little, if any, sign of capillary stasis. Subsequent to the ninth da 
the gradual improvement continued to the twenty-sixth day, with no further 
signs of circulatory embarrassment. Twice daily observations of venous presstr 
gave readings varying between 3 and 7 cm. A walled off empyema sac in the 
left axilla was drained on the eleventh day, under ether anesthesia. No rise ot 
venous pressure developed. Improvement following this time was more rapid 
and the patient was discharged from the hospital on the fifty-fourth day 
Frequent observations of the capillaries showed a normal flow throughout 
this period 

During the first five days the temperature ranged between 100.8 and 102. It 
then began a fall by lysis, and the first normal temperature (98.6) occurred ot 
the sixth day \n upward trend in the temperature then began, continuing until 











EYSTER-MIDDLETON—VENOUS PRESSURE 239 


, second gradual decline on the eighth day. The leukocytes rose to a maximum 
29,000 on the sixth day, and then gradually declined. Fluids were taken in 
ther large quantities from the start, reaching a maximum of 122 ounces 

236 c.c.) on the third day. Urine output was much below fluid intake until 

eighth day, and subsequently the two ran approximately parallel with the 
ne somewhat below fluid intake. During the period of pulmonary edema and 
rculatory embarrassment there was thus definite fluid retention, with subsequent 
id loss as the condition of the circulation improved. 
Teleradiograms for the heart size were made on the sixth, seventh, ninth, 
enty-first and twenty-seventh days. Unfortunately, these do not include the 
st period of cardiac failure and high venous pressure, but they do include the 
nd period of less marked decompensation extending through from the seventh 
the ninth day inclusive. The five teleradiograms varied in area from 114 
122 sq. cm., the transverse diameter varied between 129 and 133 mm. These 
riations may be considered as falling well within errors of teleradiographic 
nic and to have no significance. Changes in the shape of the heart were 
insignificant, the different teleradiograms being practically superimposable. 


rhe stasis in the capillaries and rising venous pressure in this case, 
eceding the definite clinical evidence of cardiac embarrassment are par- 
ularly interesting. The absence of demonstrable changes in cardiac 
‘e paralleling the marked variations in venous pressure, as determined 
percussion during the first period and teleradiograms during the 
ond period of cardiac decompensation, is evidence of the importance 
ther factors which influence heart size, such as variations in tonus 
the muscle and probably changes in the rate of beat. It seems 
ident that a knowledge of the course of venous pressure during 
eumonia is more important as indicative of impending or present 
rdiac failure than efforts to determine heart size by percussion or 


en by more accurate roentgen-ray methods. 


THE EFFECT OF VENESECTION ON VENOUS PRESSURE 

It has been shown by Meek and Eyster ** in the experimental animal, 

nd by us ** in normal man, that hemorrhage or infusion not greater 

than 10 per cent. of the total blood volume has only a transitory effect 
n venous pressure. Quite different, however, is the effect of venesec- 

tion on the abnormally high venous pressure in cardiac insufficiency. 
Under such conditions the venous pressure may rapidly fall and remain 
within normal limits for prolonged periods. In one case under our 
observation a venous pressure of 22 cm. was reduced to 5 cm., grad- 
ually rising to 10 cm. in the course of the next six hours. In another, 
venous pressure was reduced from 18 cm. to 6 cm. remaining subse- 
quently within the normal range. A normal venous pressure thus tends 
to be maintained, while an abnormal venous pressure tends to fall to the 


22. Meek, W. J., and Eyster, J. A. E.: Am. J. Physiol. 56:1 (May) 1921: 
ibid. 61:186 (June) 1922. 

23. Eyster, J. A. E., and Middleton, W. S.: Am. J. Physiol. 68:581 (May) 
1924 














240 ARCHIVES OF INTERNAL MEDICINE 


normal range after moderate hemorrhage. Observations made in cardiac 
disease indicate that the general blood volume is not increased ( Keith, 
Rowntree and Geraghty **). Increased vasoconstriction must be a uni- 
versal accompaniment of decompensation, since as is well known in this 
condition that in spite of diminished cardiac output arterial blood 
pressures are normal or higher than normal. This vasoconstriction is 
probably an effort to maintain a normal capillary pressure in the tissue 
in the presence of a reduced cardiac output. It places, however, the 
necessity for greater work on the ventricles and if they fail to meet this, 
a further rise of venous pressure results. The heart is in the condition 
of a skeletal muscle with a load so great that its contractions are small 
and inefficient. While the total blood volume may not be increased, 
evidently the proportionate blood volume in the veins is increased 
If now the initial load is reduced by withdrawal of blood from the 
veins and venous cisterns to a point where the muscle can respond wit! 
efficient contractions and if the muscle is still in condition to respond 
an immediate increase in stroke volume occurs. With increased output 
into the arterial system, relaxation of the vasoconstrictor center comes, 
f work that the heart has to do is diminished. The 


and the amount « 
heart is now in the condition in which the work demanded is reduced 
and its initial load, namely, the venous pressure, is within the physiologi: 
limit of response of the muscle. The “vicious circle” of cardiac decom 
pensation is broken, and a return made toward normal circulatory 
conditions 

The rational basis for venesection in cardiac decompensation wt 
believed therefore to be a high and rising venous pressure. We regard it 
as a most important therapeutic procedure and one too often delayed 
until the cardiac muscle is no longer able to respond favorably to a 


decrease of its initial load. 


VENOUS PRESSURE IN DISEASES OTHER THAN CARDIOVASCULAR 


Numerous observations on bed patients, with various diseases not 
involving the cardiovascular system, have failed to reveal any note- 
worthy departure from normal bed patients. Acute infections with 
febrile reactions and dilatation of skin vessels may show marked varia- 
tions in the degree of filling of the peripheral veins, but without change 
in venous pressure, an observation that coincides with Hooker’s * 
observations that vasomotor changes, induced in the healthy subject, 
may affect the amount of blood in the veins but not the venous pressure. 
Marked increase in peripheral blood velocity, which must be present in 





24. Keith, N. M., Rowntree, L. G., and Geraghy, J. T.: A Method for the 
Determination of Plasma and Blood Volume, Arch. Int. Med. 16:547 (Oct.) 1915. 
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dyvanced primary anemia, likewise causes no noticeable change in 
enous pressure. Our venous pressure observations in this condition 
lude one case studied in detail from the hemodynamic aspects by 
thr and Ronzone.*® In this case it was shown that the viscosity of 
e blood was lowered to 45 per cent. of its normal value, that many 
the skin capillaries were constricted, thus shunting the main mass of 
ood through the vital organs and that cardiac output was increased 
ibout two and a half times the normal value. In twenty-three venous 
essure observations on this case, extending over a period of fourteen 

s, the highest reading was 8 cm., the lowest 4 cm., with an average 

6.2 cm. These observations support the general conclusion that 
ripheral venous pressure in man at rest in bed is largely independent 
factors affecting the flow of blood in the peripheral vascular system 
long as the heart is competent. Changes in peripheral resistance 

ugh vasomotor influences or alterations in blood viscosity tend, of 
irse, to vary the amount of blood passing into the larger veins, and 

s factor alone would undoubtedly cause variations in venous pressure 
re it not for the well adjusted response of the heart muscle to the 
ous load. Lack of physiologic response on the part of the heart 
iscle we believe to be the one factor which is responsible for the 
urrence of an abnormal venous pressure for more than perhaps a 
ef interval. The important conclusion follows, that a sustained 
ous pressure above the normal level means invariably a failing heart 
uscle. 

Local causes for abnormally high venous pressure in certain peri- 
eral veins may occasionally be encountered. Marked edema of the 
nds and forearms may in a few cases make determination impossible. 

‘hlebosclerosis was mentioned by Hooker and Eyster *° as an occasional 
use of abnormally high readings, but such cases are undoubtedly rare. 
\e have had no such instances in our present work. Local pressure on 
e large veins from any cause may occasionally produce high local 
enous pressures, but such instances are usually evident. We have had 
ne very interesting case of Hodgkin’s disease, with extensive involve- 
ent of the mediastinum, in which there was a progressive rise of 
enous pressure in the veins of the upper extremity as the disease 
rogressed. This patient was observed from the early inception of the 
lisease until death. During a period of over nine months, frequent 
enous pressure observations were made. There was a rise from an 
average of below 8 cm. in the early stages, to approximately 20 cm. just 
hefore death. Venous pressure in the veins of the leg was normal 
throughout. Necropsy showed very extensive involvement of the 
25. Fahr, George, and Ronzone, Ethel: Circulatory Compensation for Difficult 


Oxygen Carrying Capacity of the Blood in Severe Anemias, Arch. Int. Med. 
29:331 (March) 1922. 
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mediastinum, with inclusion and partial obliteration of the superior vena 
cava. In a case of aortic aneurism,”* venous pressure readings were 
approximately twice as high in the veins of the left hand as in the 
right hand. 

SUMMARY AND CONCLUSIONS 


The venous pressure in the peripheral veins or normal man, in a 
condition of bed rest in the prone position, rarely if ever rises above 
11 cm. of water. Its actual height under rest conditions is largely) 
independent of age. Readings above this level, if rare causes of local 
obstruction are excluded, invariably mean cardiac decompensation in 
our experience. Marked changes in venous pressure under such con 
ditions are apparently accompanied by corresponding changes in thi 
volume of the heart, as determined by roentgen-ray methods. Similar 
changes in venous pressure accompany cardiac decompensation in pneu 
monia, as well as the usual decompensation from primary cardiac disease 
While the normal venous pressure is affected only temporarily and 
within small range by moderate withdrawal of blood, the abnormal 
venous pressure in cardiac decompensation may show a much great 
and more lasting reduction. Venous pressure changes in cardiac decom 
pensation usually definitely precede changes in fluid equilibrium of th: 
body and the general clinical condition. We believe, therefore, that 
routine determinations of venous pressure in cardiac decompensatio: 
and pneumonia offer a most valuable aid in following the course of the 
condition and as a guide to rational therapy. 

Changes in the peripheral vascular system, associated with altera 
tions in capillary pressure and flow, alter the venous pressure in tl 
larger veins little if at all. Venous pressure is a measure of the initial 
load on the right heart and depends primarily on, and is an indication 
of, cardiac behavior. Observations on cases of acute rheumatic fever 
show normal venous pressures in the presence of extensive changes in 
the peripheral circulation and the clinical development of valve lesions 
As is well known in such cases cardiac failure rarely if ever supervenes 
in the acute phase. 

The main conclusion to be derived from this work is that, excluding 
local causes of venous obstruction, abnormal venous pressures invariably 
mean cardiac failure, independent of the cause of failure or the asso- 
ciated disease. 





26. Middleton, W. S.: Wis. M. J. 28:189 (Oct.) 1922. 




















THE REGULATION OF RENAL ACTIVITY * 
rHE EFFECT OF UNILATERAL NEPHRECTOMY ON THE FUNCTION 
AND STRUCTURE OF THE REMAINING KIDNEY 


T. ADDIS, M.D.; B. A. MYERS, M.D., 
AND 
JEAN OLIVER, M.D. 
SAN FRANCISCO 

In the preceding paper of this series it was shown that a certain 
nctional measurement (the ratio 2"—"—" neues bina) Varied in direct 

portion to the weight of normal renal tissue.’ If that is so, the 
moval of approximately 50 per cent. of the renal tissue of the body 

means of a unilateral nephrectomy should lead to a 50 per cent. 
rease in function. But since the conditions required for this par- 
ilar functional measurement cannot be fulfilled immediately after an 

ration, and since unilateral nephrectomy is at once followed by a 

gressive increase in the size of certain parts of the secreting elements 

the remaining kidney, it follows that the nephrectomy experiments 
ich we report in this paper do not have that simplicity which was 
tained in the direct comparison of total renal weight and function. 
the other hand, the specialized nature of the concomitant structural 
nges give them an added interest. 
Under ordinary conditions unilateral nephrectomy has no effect on 
nal function, or rather it has no appreciable effect on such measure- 
ents as are customarily regarded as being indices of renal functional 
city. Thus Rosenstein * (1871), found that there was no decrease 
the rate of urea excretion even on the first day after the operation. 
ibbert * (1896) was unable to detect any disturbance in the secretion of 
rine, although he found that there was some delay in the excretion of 
large amounts of carmin. Sacerdotti* (1896) found that the volume of 
urine and the rate of urea excretion was not appreciably affected, and 
he attributed the decrease in urine volume found by Tuffier ° (1889) to 
the effect of the anesthetic and the shock of the operation. Maugeris ° 

1908), found that the volume of urine was normal in from three to 


*From the Departments of Medicine and Pathology of the Stanford Uni- 
versity Medical School. 
1. Taylor, F. B.; Drury, D. R., and Addis, T.: Am. J. Physiol. 65:55 
(June) 1923. 
. Rosenstein: Virchows Arch. f. path. Anat. 53:141, 1871. 
Ribbert: Bibliot. Med. 100:16, 1896. 
. Sacerdotti: Virchows Arch. f. path. Anat. 146:267, 1896. 
. Tufher: Etudes experimentales sur la chirurgie du rein, Paris, 1889. 
. Maugeris: These de Paris, 1908. 
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four days after operation and Ferron’ (1910), in experiments on 
twenty-three rabbits found no evidence of abnormality in urea or chlo- 





rid excretion. Schilling * (1905) noted no constant change in the volume 
of urine in rabbits after nephrectomy, but in a few experiments he 
found that soon after the operation the concentration of chlorid in the 
urine was lower than usual when large amounts or sodium chlorid were 
given and water was restricted He also found that there was a delay 
in the increase in the volume of urine after the intravenous injection of 
salt solution. Ambard and Papin*® (1909) showed that unilateral 
nephrectomy did not impair the urea concentrating capacity of the 
remaining kidney. Hohlweg *® (1915) found a slight increase in the 
nonprotein nitrogen concentration in the blood some days after th 
removal of one kidney. Karsner, Bunker, and Grabtield** (1915 
noted a slight increase in the nonprotein nitrogen of the blood in one 
dog, but none in the second. In both animals the excretion of nitrogen 
in the urine was decreased, but in a third dog, from which 66 per cent 
of the total renal tissue had been removed, the nitrogen excretion wa 
somewhat increased. Rowntree and Geraghty *? (1912) in the coursé 
‘ft a study of the rate of excretion of phenolsulphonephthalein, tied 


Ol 
the vessels of one kidney while the dye was being excreted. They di 





not always find a decrease in the rate of excretion and when it did occur 
it was of slight degree. Addis and Watanabe ™* (1916) found that 
there was an increase in the volume of urine, in the rate of urea excre- 
tion, and in the concentration of urea in the urine and in the blood after 
tving one ureter 

There is thus a general agreement that no obvious functioial defect 
is necessarily produced by removing one kidney. This fact is often 
cited as an illustration of the reserve power of the renal tissue. It is 
also quoted as an indication of the futility of seeking for any relation 
between renal structure and function. It is partially. responsible for 
the fact that, for the most part, clinical investigators have given up the 
attempt to reach any conclusions in regard to the amount of normally 
functioning tissue remaining in the kidneys of individuals suffering 
from “Bright's disease.” But it is axiomatic that a quantitative relation 
between structure and function exists, and it would seem almost certain 
that under some conditions and with some methods this relationship 


7. Ferron: Thése Bordeaux, 1910. 

8. Schilling: Arch. f. exper. Path. u. Pharmakol. 52:140, 1905. 

9. Ambard and Papin: Arch. internat. de physiol. 8:437, 1909. 

10. Hohlweg: Mitt. a. d. Grenzgeb. d. Med. u. Chir. 28:459, 1915. 

11. Karsner, Bunker and Grabfield: J. Exper. Med. 22:544, 1915. 

12. Rowntree, L. G., and Geraghty, J. T.: An Experimental and Clinical 
Study of Phenolsulphonephthalein in Relation to Renal Function in Health and 
Disease, Arch. Int. Med. 9:284 (March) 1912. 

13. Addis, T., and Watanabe, C. K.: J. Biol. Chem. 28:251 (Dec.) 1916. 
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hould be demonstrable. From the experiments we have cited it must 
e concluded that the particular conditions and methods employed are 
iueless for the purpose of determining the amount of functioning 
ssue, and since any other aim of functional measurements is, in our 
ew, of very doubtful value in clinical work, the whole of experience 
erived from this more than fifty years of work constitutes an indict- 
ent of the clinician’s functional methods, a criticism which in part at 
st may explain the notorious lack of concordance between the expec- 
tions of the physician and the results of the pathologist, in regard to 
amount of structural change in the kidney in “Bright’s disease.” 
Che theory of the coordination of renal structure and function was 
tlined in 1917,'* and a test which embodied these principles was 
ently described. But it should be noted that in 1905 Schilling * 
mplied with one of the necessary conditions, the imposition of strain, 
| was able to show that the increase in the volume of urine, which fol 

s the injection of large amounts of saline solution, was delayed after 
ilateral nephrectomy. And Addis and Watanabe ?* had found that 
ratio —— om = owas lowered in rabbits with one kidney 

en large amounts of urea were given, although the other essential 
ndition, the exclusion of various extrarenal factors which accelerate 
inhibit renal activity, was not adequately dealt with in their experi- 
nts. In man it is possible to neutralize these extrarenal factors,*® but 
inimals the fact that the stomach tube must be used and that the 
idder has to be catheterized, induces conditions under which their 
rying effect becomes noticeable, so that the urea ratio in individual 
ibbits never becomes constant. In a group of animals, however, these 
uctuations tend to counterbalance one another, and the average ratio 
ay be expected to give a close approximation to the amount of secret- 
g tissue. But our primary object in these experiments was to deter- 
line whether such relatively simple methods as measurements of the 
ite of water and urea excretion, or of the concentration of urea in the 
rine or in the blood, might enable us to follow the structural altera- 
tions which follow unilateral nephrectomy, if pains were taken to carry 
ut these observations under the conditions which are best adapted for 


revealing the underlying relation between structure and function. 


METHODS 


Rabbits of from 2,300 to 2,750 gm. in weight were used. The 
blood urea concentration was within normal limits and the urine was free 


from albumin and casts. 


14. Addis, T.: J. Urol. 1:263 (June) 1917. 

15. Addis, T.: Renal Function and the Amount of Functioning Tissue, Arch. 
Int. Med. 30:378 (Sept.) 1922. 

16. Addis, T., and Drury, D. R.: J. Biol. Chem. 55:105 (Feb.) 1923. 
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Most of the various functional measurements were repeated three 
times before nephrectomy, three times at from fifteen to thirty-three 
days after the operation, and twice after from 106 to 126 days. 

Before each experiment no food was given for fifteen hours but water 
was left in the cages. At about 9 a. m. 1 gm. of urea per kilogram of 
body weight, dissolved in water in a 4 per cent. concentration was given 
by stomach tube. Three hours later an equal amount of water was 
administered. The bladder was then catheterized and washed out. At 
hourly intervals thereafter collections of urine were made by catheter 
and, after the volume had been measured, the bladder was washed out 
and the washings added to the urine. At about the midpoint of the 
periods over which the urine was collected, blood was drawn from an 
ear vein into a vessel which contained a small amount of powdered 
oxalate. Duplicate determination of the urea content of the urine and 
blood were made with the urease method. 

The following is one of the protocols in full: 

Rabbit 1. Weight, 2,700 gm. Date, Aug. 16, 1921. 

9:20 a. m. Given 67 c.c. 4 per cent. urea solution by stomach tube. 

a.m. Given 67 c.c. of water by stomach tube. 
p.m. Catheterized and bladder washed 

p.m. Bled about 5 c.c. 

m. Catheterized and bladder washed. 

43 p.m. Bled about 5 c.c. 

:17 p. m. Catheterized and bladder washed. 

48 p.m. Bled about 5 c.c 

13 p. m. Catheterized and bladder washed 


] 
] 
] 


wh iy = bo hoe 


The urine collections were timed from the minute within which the 
last wash water was removed from the bladder, while for the blood col- 
lections the midpoint of the few minutes required to obtain enough blood 
was taken. The volumes of urine and rates of urea excretion were 
then expressed as rates per hour, and the blood urea concentrations, 


when necessary, were corrected for the midpoint of each urine collec- 


TasLe 1.—Results of Experiment on Rabbit 1 


* 
Volume, Urine Urea, Blood Urea, Ratio Urine Urea 
Period, C.c. per Hour Mg. per Hour Mg. per Blood Urea 
Hours per Kg. per Kg 100 C.e. per Kg. 
1 14.4 103.2 107.4 0.96 
J xo 107.2 106.5 101 
4.8 4 5 13 5 os 


tion by plotting the three observations on coordinate paper. Finally 
it was necessary to express the volume and urine urea figures as rates 
per kilogram of body weight per hour because during the three months 
over which the observations were continued there was some increase 
in body weight on account of growth. The results in the before men- 
tioned experiment are given in Table 1. 
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[he urea concentrating capacity was tested under conditions 
esigned to put a strain on this function of the kidney. No water 
s given from 8:30 a. m. on one day until 3:30 p. m. of the following 
a period of thirty-one hours. At 8:30 a. m., 5:30 p. m., and 
8:30 a. m. of the next day 0.75 gm. of urea per kilogram of body 
eight was given by stomach tube, dissolved in water in a 20 per cent. 
neentration. The urine was collected by catheter at about 8:30 a. m. 
also about 12 noon, and at 3:30 p. m. on the second day of the 
t. A sample of blood was obtained at the middle of the last period 
urine collection. The following is one of the protocols: 


Rabbit 2. Weight, 2,750 gm. Date, July 27-28, 1921. 
8:30 a. m., July 27, given 10.3 c.c. of a 20 per cent. urea solution by stomach 


5:30 p. m., July 27, given 10.3 c.c. of a 20 per cent. urea solution by stomach 
8:50 a. m., July 28, given 10.3 c.c. of a 20 per cent. urea solution by stomach 


9:03 a. m., July 28, catheterized 

2:06 p. m., July 28, catheterized. Urine collected. 
1:50 p. m., July 28, bled 

3:34 p. m., July 28, catheterized. Urine collected. 


TABLE 2. —Results of Experiment on Rabbit 2 


Volume, Urine Urea Concentration, 
Dime Cle Gm. per 100 C.¢ 
12:00 16 5.10 
t 4 4 5.64 


THE WEIGHT OF RENAL TISSUE AT THE COMMENCEMENT 
AND AT THE END OF THE EXPERIMENT 

\ comparison of different functional measurements can only be of 
when there is some objective nonfunctional standard by which 
eir relative value may be determined. This standard should be the 
ount of secreting tissue in the kidney because, from a clinical point 
view at least, the value of any functional test will depend on 
hether or not we can use its results as a basis from which to estimate 
he amount of actively functioning renal tissue. In the normal kidney 
the amount of secreting tissue can be estimated with sufficient accuracy 
from the gross weight, but, as will be shown in detail in the last 
section of this paper, the usual relation between renal weight and 
mount of active tissue is disturbed under the special circumstances of 
our experiments, so that the gross weight somewhat underestimates the 
actual quantity of secreting tissue. Nevertheless, we have used the 
weight of the kidney as our standard, since it was the only criterion 
available. We estimated the total renal weight before nephrectomy 
from the weight of the kidney we removed, and at the end of the 
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experiment the weight of the remaining kidney was obtained. In 
rabbits, estimations of the weight of both kidneys from the weight ot 
one is not associated with any very great error. In twenty-two rabbits 
we found that the right kidney weighed on the average 6.58 gm. an 
the left 6.51 gm. The average error in deducing the weight of both 
from the weight of one was 2.1 per cent. and in only one case did 
the error exceed 4.3 per cent. 

These kidney weights before and after nephrectomy are given in 
Table 3 

It will be noted that in from 106 to 126 days after nephrectomy 
the weight of renal tissue per kilogram body weight is 66 per cent. of 
the original weight, instead of the 50 per cent. which would have beet 
found if there had been no compensatory hypertrophy. These initi 
and final weights give us two opportunities for a comparison of struc 


ture and function, but there is no standard for the functional measur 


Dar 3.—Kid Weight f md After ephr ” 
Before Nephrectomy After Nephrectomy (106-126 D 
h ey Actual Estimated Kidney \etua 
Weight per Weight of Weight Weight per Weight « 
Ke. Body Kidney of Bot! Body Kg. Body Remaining Body 
Weight Removed Kidneys Weight Weight Kidney Weight 
Rabbit if au cin Gu ai ait ai 
1 6.04 8.085 17.9 700 i 14.11 2 
8.275 16.55 7) 15 1. 4 
is 6.1P5 12.06 ee ow » 
{ b.008 12.01 > a) ow 11 S75 
4 8.200 16.40 40) 4.35 13.16 
6 7.400 1 oe $4 12.1 ri 
1.00 


ments made between fifteen and thirty-three days after nephrectomy 
It is certain, however, that the actual weight of renal tissue was 
between 50 per cent. and 66 per cent. of the weight before operation 
The only quantitative measure of the rate of compensatory hyper 
trophy is that given by Hinman" for the rat. His figures show that 
the increase in the size of the kidney is not completed until between 
the twenty-eighth and the forty-second day. If the curve which can 
be constructed from his data is taken as the best available indication 
of the weight of the kidneys in our animals between fifteen and thirty- 
three days after nephrectomy, the average weight of the kidneys would 
be about 58 per cent. of the original value. These three weight values, 
expressed as 100 per cent. before nephrectomy, 58 per cent. from fifteen 
to thirty-three days after and 66 per cent. at the end of the experiment, 
have therefore been taken as the common standard by which to judge 
the relative value of each of our functional measurements. 


17. Hinman, F.: Tr. Am. A. Gen.-Urin. Surg. 15:241, 1922. 
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THE RATE OF UREA EXCRETION 
It has been shown that the variability of the rate of urea excretion 
the same and in different persons is greatly reduced after the 
lministration of considerable amounts of urea,’* so that it was to be 
<pected that in our animals which had all been given 1 gm. of urea 
er kilogram of body weight three hours before the observations were 
mmenced, a greater uniformity in the rates of excretion should be 
und than in rates for similar time periods measured under ordinary 
nditions. The actual observations which are shown in Table 4 are 


leed, if not remarkably constant, so much less variable than the 


TABLE 4.—The Rate of Urea Excretion (Large Urine Volumes 
B t \fte »33 Days \ft ¥ ; Days 
st ‘ i Ist d ‘i Ist 1 
Hour Ho He Hour Hour Ho Hour He H 
Me. p Mg. per Mg. per Mg. per Mg. per Mg. per Mg. per Mg. per Mg.} 
Rabbit Kg Kg Kg Kg Kg ke Kg Kg Kg 
0 1 ” 106. 83.10 70. 84. 142.40 117.9 
If ' 107.20 s4.% uO | 138.00 SSM ( 
115.4 Db. is ie TS HO 
"OO 17.00 89.90 70.70 74.00 ee Ts a7 SO 
101.00 108.60 17.10 17.0 71.50 69.90 111.10 ~ 0 
14.00 108.10 105.00 77D 86.20 72.00 
118.00 16.70 ” et now 84.90 on OO woo s4 
17O.® 130.50) 121.00 00 HO.40 0.40 138.00 111.— 1.40 
137.80 1.00 116.4 105.80 SOT 74.4 
124.80 100.00 14.00 OB 89.20 74.10 113.00 108.00 
115.4 107.90 114.80 63.80 50 W.10 B20 l n 
143.) lWwL.40 0.00 TAS 72.10 OSD 
lla 101.60 80.00 a 740 131.4) 120). 
00 106.00 106.10 69.70 7.10 10 144.30 ‘ ’ 
138.80 123.80 100.00 10.00 ie. 1 ru 
139.) 124." 117.00 87.40 64.40 P30 40 tS 
1278.20 127. 133.90 ee 87.40) 140." 16.31 115.70 
141.10 l ry 14s) wi =4.10) S10 
verage 127 11S 10> 85 76 16 124 111 10 
Grand average 117.0 78.8 112.4 
Average per cent 100 69 98 
Renal weight, per cent 100 58 66 


rates usually recorded as to encourage the hope that a simple measure- 
ment of the rate of urea excretion, if carried out under these special 
conditions, might allow deductions as to the amount of renal tissue. 

It will be noted that the average rate decreases from 100 per cent. 
to 68.6 per cent. in from fifteen to thirty-three days after nephrectomy, 

reduction which is not far from the 58 per cent. of renal tissue 
estimated as present at that time. But the results of the last experi- 
ments carried out just before the animals were killed give the clearest 
indication that the rate alone, even under these conditions of strain, is 
not a reliable indication of the amount of renal tissue, since the 
average rate at that time was found to be 98 per cent. of the rate 





18. Addis, T., and Watanabe, C. K.: J. Biol. Chem. 27:249 (Oct.) 1916. 
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with both kidneys, although the renal tissue was reduced to 66 per cent. 

The rates of urea excretion which are given in Table 4 were 
obtained during the course of a diuresis, induced by the administration 
of urea and water. The volumes of urine were therefore high and 
the concentrations of urea in the urine were low. But we have also 
rates measured under the opposite conditions, that is, with low urine 
volumes and high concentrations of urea in the urine. These are given 
in Table 5. 

\lthough these observations are few in number, they are quite 
enough to show that under these conditions there is no relation between 
the rate of urea excretion and the amount of renal tissue. The 
rates are, in fact, uniformly higher with 66 per cent. of renal weight 
than with 100 per cent., and with 58 per cent. they are not uniformly 


Taste 5.—The Rate of Urea Excretion (Small Urine Volumes) 


Before, After (826 Days After (112-123 Days 
Rabbit Mg. per Kg. Mg. per Kg. Mg. per Kg. 

1 78.6 R24 96.2 
4 80 78.0 S64 

4 (0.5 90.6 
‘ 78.6 616 OR4 
5 SILLS 8.5 1.0 
t a) TO 122.6 


Tas_e 6.—Blood Urea Concentration Under Ordinary Conditions 


Before, After (15-33 Days 
Rabbit Mg. per 100 C.¢ Mg. per 100 C.c 
l 9 i 
a”? 6 
; ~ 
> ” 


4 is 


lower. It is noteworthy that, according to theories of urea excre- 
tion which have attained a wide currency, the rate should vary 
with the amount of renal tissue under the conditions we imposed, 
which were such as to induce unusually high concentrations of urea 
in the urine. In fact, Ambard and Papin‘ 
theoretic considerations predicted that after the removal of one kidney 


’ 


on the basis of such 


the rate of urea excretion should be proportionately reduced under 
these conditions. 


THE BLOOD UREA CONCENTRATION 


If the blood urea concentration can be taken as a measure of the 
amount of urea secreting tissue in the kidney it should increase after 
unilateral nephrectomy. A complete agreement with the renal weight 
standard would give a 42 per cent. and a 34 per cent. increase. 

When the blood was taken under ordinary conditions there was 
no definite increase at all (Table 6). 
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When the blood was taken after the administration of urea and 
yvater (Table 7) there was a doubtful increase (5 per cent.) from 
fteen to thirty-three days after nephrectomy, but from 106 to 126 
iys after the operation, although there was then more renal tissue, 
24 per cent. increase was found. This latter increase cannot therefore 

directly owing to the changes in renal structure. It does, however, 
‘plain the practically normal rate of urea excretion noted at that 
mec, 

When the blood was taken after twenty-nine and one-half hours 
f abstention from fluids and five hours after the last of three doses 


\BLE 7.—Blood Urea Concentration After the Administration of Urea and Wate 


Before After (15-33 Days After (106-126 Days 


bbit Ist Hour 2d Hour 3d Hour ist Hour 2d Hour 3d Hour Ist Hour 2d Hour 30 Hour 


108 0.9 7? 14.6 m1 87.7 135.0 123.0 
107.4 106.5 108.5 114.0 O89 124.8 132.3 119.7 
4.2 94.2 82.8 141.0 120.0 115.5 
118.8 111.6 108.6 12.0 115.5 120.0 132.0 129.0 120.0 
105.6 108.0 108.0 126.0 117.0 114.0 131.9 138.9 135.3 
137.2 122.8 111.2 121.5 107.7 97.0 
OO4 90.5 815 80.1 81.0 760 113.1 110.1 98.1 
107.6 1 91.1 1P.0 wo 04.0 129.0 132.0 114.0 
111.0 107.4 102.9 127.2 124.6 116.7 
118.6 108.8 115.6 10 106.5 106.8 157.5 141.0 
130.2 130.2 128.2 190.5 121.5 112.0 168.0 144.0 141.0 
101.4 101.4 wie 118.2 113.1 108.7 
108.7 os4 92.5 118.4 87.0 84.0 119.4 mo 
83.3 76.2 73.4 116.0 wo 96.0 132.0 117.0 105.0 
111.0 106.0 4.8 110.7 110.2 108.5 
7.9 11.6 83.4 120.0 105.0 81.0 114.4 Peo 04.5 
108.5 105.0 H.6 132.9 121.2 100.5 ‘ 1A 10. 
100.3 00.5 S48 12.0 114.5 106.0 

\verage 108 re HD) 118 108 101 13 124 1] 

Grand average. 103.8 109.2 128.4 

Average per cent 100 105.2 123.5 

Renal weight, °,.. 100 58 66 


f 0.75 gm. of urea per kilogram of body weight, there was a 33 per 

cent. increase of blood urea concentration from fifteen to thirty-three 
days after nephrectomy, and a 44 per cent. increase from 106 to 123 
lays after ( Table 8.) 

In general, therefore, it would seem that the loss of 50 per cent. 
of the renal tissue does not under ordinary conditions lead to any 
noteworthy increase in blood urea concentration. It should be noted 
that, in the first few days after such an operation as nephrectomy, some 
increase in blood urea concentration might be expected because of the 
increased protein catabolism, which has been shown to occur under 
these conditions.’ A study of the variations of blood urea concentration 


19. Burger and Granban: Ztschr. f. d. ges. exper. Med. 35:16, 1923. 
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in normal persons, previously published,*® and in particular, some 
recent work in this laboratory has convinced us that the level of blood 
urea concentration tends to vary with the rate of protein catabolism. 
[he increase in blood urea concentration, which Hohlweg’?’ found 
after unilateral nephrectomy, and the increase Addis and Watanabe * 
observed shortly after ligation of one ureter might well be explained 
on these grounds and should not, we think, be regarded as a direct result 
of the removal of renal tissue. But under conditions of strain there is 
some indication that the decrease in renal tissue may lead to a slight 
increase in blood urea concentration. The evidence is not conclusive, 
however, for there was only a 5 per cent. increase after urea and water, 
and the meaning of the 33 per cent. increase, found after abstention from 
fluids, is not quite clear. Such conditions are associated with an 
increase in protein catabolism which may have been more pronounced 


1 


Paste 8.—B 1 Urea Concentration After Abstention From Fluid and 
After Urea Administration 


Before, After (8-26 Days After (110-123 Days 
Mg. per 100 Cx Mg. per 100 C.c. Mg. per 100 C.« 
62 « 104 
106 
E is 
4 101 


> 81 


t C ™> 
Average SS 
Average per cent 
Renal weight, per cent 58 


after the operation than before. It is at least quite evident from the 
figures that under no conditions is there any fixed quantitative relation 
between the degree of increase in blood urea concentration and the 


degree of reduction in renal tissue. 


rHE URINE UREA CONCENTRATION 

The inability of the kidney to produce urine which has a_ high 
concentration of solids is one of the functional indications of disease 
which has been used more widely, and for a longer time than perhaps 
any other. In the form of an inability to produce high concentrations 
of urea in the urine it has been particularly prominent during and 
since the war. But as a renal test it suffers from the disadvantage of 


complexity. For the concentration of urea in the urine depends on 


the rate of water as well as on the rate of urea excretion, and the very 


20. Addis, T., and Watanabe, C. K.: The Causes of the Variation in the 
Concentration of Urea in the Blood of Young Healthy Adults, Arch. Int. Med. 
19:507 (April) 1917. 
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iny purely extrarenal factors which may influence water excretion 
ill commonly prevent us from drawing unqualified deductions as to 
e condition of the kidney from any measurement involving volume 
tes. It has also been shown by Ambard and Papin * that the removal 
one kidney is not followed by any decrease in the urea concentration 
the urine, a result which might indeed have been anticipated, since 
ere is no evidence in the same or in different species of animals of 
such association between the amount of renal tissue and the level 
the concentration of urea in the urine as exists between the weight 
the kidney and the rate of urea or of water excretion. 
On the other hand, Bradford ** found that the urine area concen- 
tion was less than normal when one kidney and a considerable part 
the remaining kidney was excised. His tables show that this effect 
s not produced by any decrease in the rate of urea excretion. On 


contrary, the amounts of urea excreted were appreciably larger 


ABLE 9.—Maximal Urine Urea Concentrations After Abstention From Fluid 
and After Urea Administration 


After (826 Days After (110-1 Days 
Gm. per Cent Gm. per Cent 
5.28 6.87 
5.61 4.26 
3.96 7.14 
4.74 OT 

6.00 


y 
s t 
56 B36 


ige , 5.35 6.84 


Average per cent 128 
enal weight, per cent 66 





n before the operation, but the concentration was lower because of 

relatively greater increase in water excretion. 

Although the degree of reduction in renal tissue was much less 
pronounced in our experiments than in Bradford’s, we thought that 
ve might possibly be able to observe some effect on the urine urea 
oncentration if we imposed conditions which would strain the urea 
concentrating capacity of the remaining kidney. Therefore we not only 
gave no fluids for a considerable period of time, but we administered 
three successive doses of 20 per cent. urea, thus depleting the body 
of water, and at the same time increasing the amount of urea which 
had to be excreted. The highest urine urea concentrations found in 
each experiment are shown in Table 9. 

These results show that, even under these special conditions, a 
reduction of renal tissue to about 58 per cent. of its original value has 
no appreciable effect on the concentration of urea in the urine. 


21. Bradford: J. Physiol. 23:415, 1898-1899. 
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Toward the end of the period of abstention from fluids, and at 
the middle of the last period over which urine was collected, a sample 
of blood was drawn in order that the effect of the removal of renal 
tissue on the quotient obtained by dividing the urine urea concentration 
by the blood urea concentration might be observed. The results are 
given in Table 10. 

The values of the quotient are too variable and the number of 
observations is too small to allow us to attach very much importance 
to the average results, though it is very likely that the operation was 


responsible for the reduction in the quotient value. From the fac 


Urine Urea Concentration 





laste 10.—The Concentration Quotient: => 
~ BR i Urea Concentration 
Before After (8-26 Days) After (112-123 Days 
Urine %. Blood %, Quote nt: Urine %. Blood , Quotient Urine %, Blood , Quotier 
Mg. per Mg. per Urine % My. per Mg. per Urine % Mg. per Mg. per Urine 
Rabbit 100 Cv lw C.e Blood % wo C« 100 CC. Blood * wo Cre. 100 Cu Blood 
1 5.640 Ga) =» 520 93 57 6,870 14 on 
6,150 74 as 5,610 106 ss) 420) 137 31 
6,600 62 Os 3,900 69 v7 7,140 87 8 
4 4.870 ~e) 97 4,740 101 47 5,970 th 4 yw 
. 5,080 ” 106 6.000 81 ad 8,360 74 11 
‘ ™o 69 ae | 5,00 > 75 S00 ba) ~ 
Average S2 m 7 
Average per cent 100 76 $2 
Renal weight, per cent 100 58 66 


that in the final experiment the average quotient was as high 
92 per cent., when the renal weight was only 66 per cent., it is clear 
that there is no dependable relation between this functional measure 


ment and the amount of renal tissue. 


THE VOLUME OF URINE 

The volume of urine was measured after the administration, by 
stomach tube, of 50 c.c. of water per kilogram of body weight, 25 c. 
three hours, and 25 c.c. just before the collections of urine were 
commenced. This is, of course, a large amount of water, equivalent 
to 3,500 c.c. for a man of average weight. The results are given in 
Table 11. 

Under these conditions of strain there is, on the average, a reduction 
in the rate of water excretion, which, though not of the same degree as 
the reduction in renal tissue, yet appears to run parallel to it. But 
when the individual experiments are compared, the significance of these 
averages is lessened, for sometimes no appreciable change in volume 
occurs after nephrectomy and sometimes the volume may even be 
increased. 

The volume of urine was also measured under conditions altogether 
different from those we have just described, in that they were designed 
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lead to a great reduction in the rate of water excretion. No fluids 
ere given for a period of thirty-one hours, with the exception that 
75 cc. per kilogram of a 20 per cent. solution of urea was given by 
mach tube at 8:30 a. m. and at 5:30 p. m. of the first day, and at 
30 a. m. of the second day. Two three-hour collections of urine 
ere obtained by catheter during the last six hours of the experiment. 


e smallest volumes obtained in each rabbit are given in Table 12 


1] The Volume of Urine After the Administration of Water and of Urea 
Before \fter Days After (106-126 Days 
lst Is ! st 1 
Ho Ho He He H Ho H H Ho 
a p ‘ pe 4 I ‘ >» C4 y» C4 I ‘ y U.e. ae | I 
Kg ke Kg Kg ke Ke ke re x 
1M { 14.4 4 “ S14 
14.40 Sin 4.8 12.0 l | ' 
1), 44 11 ‘ 12.40 ” ~ 
] " 14 ‘ ‘ - a) 
s ‘ 4 sin ih™ se ‘ - ~ ‘ ] 
SK “ 1% . ‘ 
st Ss 14 4 7 12.8 4 
0 i tu 1 ") 4.54 19,4 
aL 11.80 6.3 1m ~ 
* ist ‘ 4 11 
~ 14.30 0 m 14K 4 ~ 165.2% 
th ™ ‘ 
ll S.4 19.00 ~ 2 S74 
y 11 12." SK <4 
‘ 114 4 ¥ 
ou 4.4 $i" 1.30 ‘ 4 7 u 
10.4 4 ~ 4.(4 
IS.70 LL 4 " 
y uw l ‘ ~ 15.4 = 4 
\ x 1. nat] 
Average per cent 1¢0 81.6 87.2 
tenal weight, °, 100 58 66 
Taste 12—The Volume of Urine After Abstention From Fluids 
Before, After, After, 
C.c. per Kg C.c. per Kg C.c. per Kg 
Rabbit per Hour per Hour per Hour 
1 1.47 O44 1.40 
0.89 1.30 1. 
1.11 7 1.27 
1.38 ( ; 1.48 
1.4 1.04 1.1 
1.13 1.18 1 


From the experiments of Bradford and others, and from the general 
ody of clinical experience with patients whose kidneys have been almost 
entirely destroyed, a reduction in renal tissue should lead to an increase 
in the volume of urine under such conditions as we set. There is no 
indication of any such increase in the rate of water excretion in the 
figures given in Table 12. It must be concluded that the volume of 
urine after abstention from fluids, even under these particularly favorable 
conditions, gives no indication of any reduction in the amount of renal 
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tissue. This type of functional derangement is evidently the result of 
a much more pronounced decrease in secreting tissue than we pro- 
duced in our experiments. 

The “volume quotients,” that is, the number of times by which 
the volume after much fluid has been given, exceeds the volume when 
no fluids are taken, showed no consistent change after nephrectomy 
This is in conformity with the results of similar observations on 
patients with “Bright's disease,” for it has been shown that considerably 
more than half the renal tissue must be destroyed, before there is any 
appreciable decrease in the value of this quotient.** 


Urea in one hour’s urine 





THE RATIO: a 


Urea in 100 c.c. of blood 

This measurement has been shown to vary in direct relation to the 
amount of secreting tissue in the kidney,’ and it was therefore to be 
expected that there should be a close approximation between the 


‘ Urea in one hour's urine . . 
Taste 13.—The Ratio: ; - After the Administration 
Urea im 100 c.c. of blood 


of Urea and of Water 





sefore After (15-33 Days) After (106-126 Days) 
—— —_ _ —_ A. — _ —_— — — A 
Ist 2d 3d Ist 2d 3d Ist 2d 3d 
Hour Hour Hour Hour Hour Hour Hour Hour Hour 
Rabbit per Kg. per Kg. per Kg. perKg. perKg. perKg. perKg. per Kg. per Kg 
] 1.15 1.38 1.48 O50 0.71 0.96 1.06 0.96 . 
0.96 1.01 0.8 0.75 0.74 1.11 O67 OD 
1.23 101 1.14 O57 0.66 0.60 
2 ORT oOo 0.73 O61 OR 0.7? 0.61 o.7 
O06 1.0 0.04 0.40 0.61 0.61 0.78 0.75 O38 
ou Os O.04 Os) Os O.74 
1.23 1.18 1.15 O97 1.12 1.09 0.9% 0.95 0.86 
1.59 42 1.33 O58 0.8 0.68 1.07 O85 0.99 
1.24 1.19 1.13 0.83 0.70 0.64 
4 1.06 0.96 O00 Os 0.75 0.70 0.72 0.77 
oO O88 O.R9 o49 0.37 OR 0.58 0.79 0.65 
1.42 1.00 O08 O67 0.64 0.68 
1.14 1.10 0.75 0.96 0.68 1.12 1.18 , 
1.18 1.39 1.45 0.60 0.58 0.30 1.00 1.11 1.07 
1.25 1.18 1.15 1.09 O88 0.89 
¢ 1.39 1.36 1.40 0.73 0.61 1.14 1.10 1.32 1.10 
1.18 1.21 1.40 ° 0.71 0.80 1.13 0.9% 1.13 
141 150 1.24 0.79 0.73 0.77 
Average... 1.19 1.14 1.13 0.73 0.71 0.76 0.92 0.91 6.91 
— = —i eng 7 mn 
Grand average. ‘ 1.15 0.74 0.91 
Average per cent chan aa 634 79.4 
_Renal weight, percent... 100 - : 58 _ 6 


decrease in the value of the average ratio and the diminution in the 
amount of renal tissue following nephrectomy. The results given in 
Table 13 do indeed indicate a fair approximation between the measure 


of function and structure. 


22. Addis, T.: The Clinical Significance of Abnormalities in Urine Volumes, 
Arch. Int. Med. 31:783 (June) 1923. 
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Table 14, which summarizes all of the results, shows that the urea 
tio is the only functional method which gives even an approximate 
easure of the amount of renal tissue. 

The agreement between the average ratio value and the average 
eight of the kidney is not so close as might be anticipated. At the 
st measurement after nephrectomy the ratio indicates 5 per cent., and 


TasLe 14—Summary of Functional and Structural Measurements 


After After 
Before, (15-33 Days) (106-126 Days) 
per Cent. per Cent. per Cent. 
ght of renal tissue.. = os 100 58 66 
Urea in 1 hour’s urine 100 63 79 
- PE <a ee snweecesdin i 
Urea in 100 ¢.c. of blood ; 
e of water excretion. .............. cece 100 &2 87 
tration quotient Cyne > 100 7¢ y~ 
en ation quotien : . ° ° > ve 
. Bliiod % ‘ 
wal urine urea concentration . 100 100 128 
| urea concentration ousces 100 105 124 
of urea execretion..... ae ae : 100 6a oR 


the second 13 per cent. more renal tissue than is shown by the 
ight of the kidney. Such discrepancies may in part or altogether 
explained by the peculiar quantitative relationships between various 
rts of the structure of the remaining kidney. These structural 
nges are dealt with in the next section, since they have a sig- 
cance which transcends their relation to our experiments. 


CONCLUSIONS 

1. The amount of renal tissue was decreased by a unilateral nephrec- 
iv. Various methods for measuring renal function were used before 
after the operation. The measurements were carried out under 
ditions which involved strain and which excluded, so far as possible, 
influence of factors which stimulate or depress renal activity. The 
ults were compared with the weight of renal tissue. 
2. It was found that the only functional method which gave an 
proximate measure of the structural change was the determination 


urea in one hour’s urine 
urea in 100c.c. of blood 
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X. THI MCRPHOLOGIC STUDY 


JEAN OLIVER, M.D 


SAN FRANCIS 


The morphologic changes which follow the extirpation of one 
kidney, and which result in a compensatory hypertrophy of the remain 
ing organ, have been even more extensively studied than the functional 
disturbances which obtain under such conditions. The following stud 
adds, therefore, but little to our knowledge of the changes involved 
but is of interest chiefly in that it correlates these changes with the 
functional disturbances described in the first section of this paper, ani 
also in that it makes clear the reason for certain discrepancies whic! 
are found when the weight of the kidney is taken as a measure of the 
amount of functioning tissue present in it. 

As examples of earlier morphologic work two studies may be 
briefly cited which summarize our knowledge of the subject. Lorenz 
found that the increase in the size of the remaining kidney was chiefl 
due to an increase in the volume of the cortex. This was the result 
of an hypertrophy and, in young growing animals, of a slight hyper 
plasia of the glomeruli and convoluted tubules. The lesser increas 
in the volume of the medulla was due to a dilation of the lumen of th 
tubules contained in it, there being no increase in the number or size 
of the constituent cells. 

Galeotti and Villa-Santa* came to essentially the same conclusions 
from their studies, though they place more emphasis on the increase 
in the number of glomeruli in young animals than dil Lorenz. The) 
did not, however, observe these hyperplastic processes in adult animals 

A study of the kidneys from the experiments described in the first 
part of this paper reveals similar results. The glomeruli and convolute: 
tubules were definitely enlarged, with no evidence of increase in their 
number, while the ascending limbs of Henle’s loop and the collecting 


tubules showed only a slight increase in size. 


METHODS 


The kidneys, after removal at operation and after the death of the 
animal, were cut in transverse slices and fixed in 10 per cent. neutral 


1. Lorenz, H.: Ztschr. f. klin. Med. 10:545, 1885 


2. Galeotti, G., and Villa-Santa, G.: Beitr. z. path. Anat. u. z. allg. Path 


31:121, 1902 
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rmaldehyd. Frozen sections were prepared and stained with hema- 
xyvlin and Van Gieson’s mixture and then mounted in Farrant’s fluid. 

this way alcohol was avoided, so that little if any shrinkage or 
istortion of the tissues occurred. 

The different structures were then measured with an eye-piece 
icrometer. In order to obtain the correct measurements, such as 
umeters or the height of epithelium, measurements were only taken 
tubules, which were cut in perfect cross section or in a plane which 
issed through their longitudinal axes. As such a diameter will be 
e greatest one, it was comparatively easy to avoid confusion of these 
oper measurements with those which pass tangentially through a 
bule or glomerulus and so do not represent the actual dimensions of 
e structure. 

The following measurements were made: For tubules, the outside 


imeter from the membrana propria to the membrana propria, the 





Fig. 1—Microphotographs of the kidney removed at operation (a) and the 
er kidney at the end of the experiment (b). The larger tubules shown are 
voluted tubules. 


ast diameter of the lumen and the height of the epithelium from the 
embrana propria to the free surface. In the case of the collecting 
ibule these measurements were made at the junction of the outer and 
ner zone. For the glomeruli, the greatest and least diameters, includ- 
ng Bowman’s space, were taken. Besides these actual measurements 
e area of a typical cross section of the various tubules and of the 
glomerulus was calculated. There is a certain inaccuracy in the deter- 
ination of this value in the case of the tubules, as the formula used 
for the computation assumes that the lumen is a circle. This is not 
lways the case, as it may be flattened to form an oval or even stellate 
figure in cross-section. As this error is a constant one and as our 
values are used only for comparing different tubules with each other, 


the effect of it may be neglected. 
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Taste 1.—Measurements of Kidney Structures, Rabbit 4 





























Convoluted Ascending Collecting Glomerulus 
Tubule Limb Tubule _ ———_A-______ 
a - _ a —— ——__—_—.~ Greatest Least 
D d E D d E D d E Diameter Diameter 
f 1.00 00 0.50 0.80 0.10 d 1.10 0.30 0.40 3.00 2.0 
1.10 0.0 0.55 0.70 00 0.70 0.20 0.25 3.00 3.00 
O80 00 0.40 0.70 0.20 ‘ 0.70 00 0.35 3.20 2.50 
| 0.70 00 0.35 0.60 00 : 1.00 0.20 0.40 3.00 
0.30 0” 0.40 O30 0.20 OD 0.30 OSD 0.25 3.00 
1.00 0.10 O45 0.60 0.10 0.35 0.80 0.10 0.35 3.20 
U.30 0.10 0.35 0.60 0.20 0.20 1.10 0.0 0.40 3.50 
| 09° 0.10 0.40 1.00 0.40 0.30 1.00 0.10 0.45 
Kidney | 0.80 0.20 0.30 0.80 0.20 0.30 0.9 0.10 0.40 
Removed 0.80 00 0.40 0.30 OD 0.30 1.00 0.10 0.40 
at Oper- 0.90 0.30 0.30 0.99 0.30 0.30 0.30 00 0.40 
ation 0.70 0.0 0.35 0.30 0.0 0.40 1.00 0.20 0.40 
| 0.70 0.10 0.20 0.70 0.10 0.30 1.10 0.40 0.35 
| 0.6 00 0.30 «60.70 «66.300 ©«6(O 100 60.10) 0.45 
| 0.30 0.10 0.40 0.70 0.10 0.30 1.00 0.10 0.45 
} 0.79 0.10 0. 0.99 0.20 0.40 0.90 0.20 0.0 
OD 00 0.35 0.99 O15 Om” 0.90 050 0.40 
| 0.70 0.10 0.37 0.30 0.2 0.30 O30 0.10 0.90 
| 0.66 00 0.38 ie 0.10 0.3 1.00 OD 0.90 
| O80 0.10 0.36 O85 O10 0.30 0.90 0.10 0.40 
Average 0.80 0.065 0.37 0.77 0.16 0.20 tad 0.17 0.37 2.56 
{ 1.30 00 0.70 1.40 0.50 0.30 O30 0.20 0.30 4.00 2.50 
| 1.10 O30 O46 1.00 0.60 O20 100 030 0.35 3.80 2.60) 
} 120 050 040 100 040 630 110 050 0.30 3.60 3.20 
| 1.30 0.20 0.60 0.70 0.10 U.30 1.10 05) 0.30 4.00 3.00 
1.10 OD 0.45 0.80 0.30 0.25 1.40 USD 0.30 3.20 3.40 
1.20 0.10 0.60 1.0 0.40 0.30 1.10 0.50 0.30 3.30 3.00 
1.90 0.60 0.40 1.20 0.60 0.20 1.2 0.10 0.30 3.60 3.00 
{ 1.10 0.50 0.34 0.80 0.50 0.25 0.380 0.70 0.35 4.00 3.00 
Kidney | 1.0 0.60 0.40 0.60 0.60 0.30 0.99 0.30 0.25 3.50 3.40 
at Endof } 1.30 0.40 0.50 12» 0.30 0.20 1.00 0.40 0.30 3.60 3.00 
Experi 1.10 0.60 OD 0.9 0.45 0.25 1.20 0.40 0.30 4.00 3.0 
ment | 1.00 0.320 0.35 1.10 0.50 0.25 1.00 0.2 0.40 3.70 3.20 
|; 1.10 0.30 0.35 1.10 0.00 0.30 0.30 0.30 0.40 3.580 3.00 
| 1.10 0.90 0.40 0.99 0.30 0.30 0.99 0.30 0.25 4.00 3.20 
12» 0.40 0.40 1.00 0.50 0.20 1.10 0.50 0.30 4.00 +o 
1.10 0.40 0.50 0.90 0.40 0.30 0.90 0.40 0.40 3.00 2.00 
| 1.10 0.30 0.0 0.9% 0.60 0.20 0.80 0.30 0.20 3.00 3.00 
} 12 0D 0.40 1.10 OD 0.20 1.20 0.40 0.30 4.00 3.00 
1.30 0.40 0.40 0.80 0.50 O30 1.10 0.40 0.30 4.00 2.00 
1.00 0.90 0.45 0.95 0.40 0.30 0.95 0.40 0.35 3.00 3.00 
Average 1.16 0.35 0.44 0.95 0.46 0.26 1.01 0.39 0.31 3.68 3.08 
Taste 2.—Dimensions of Various Elements in Remaining Kidney Expressed a 
Percentage Increases of Value Observed in Kidney Removed at Operation 
Rabbit 
—_— - A — - —_ —_——. 
l 4 3 4 ) 6 Average 
Increase in weight of kidney per kilo 
gram of body weight..... ee a7 + OT + 74 + 6 68 66 
External diameter of tubule: 
Convoluted tubule... +16 + 3 + 21 + + 3 + + 38 
Ascending limb................ denied pas) + 2 + 2 + 2B + 27 + & + B 
Collecting tubule os sebecenat +9 + 18 0 + 9 + 18 — 7 
Diameter of lumen: 
Convoluted tubule............... +40 +100 + 6 +440 + 36 +122 +141 
Ascending limb................+..++.-. 67 +100 +140 +185 +300 + 46 +139 
Collecting tubule... piensquniatens +2 + 33 + 42 +129 + 33 16 + 37 
Height of epithelium: 
Convoluted tubule................. +19 33 + 6 + 9 + B + 13 + 18 
ascending limb. —12 — 6 —l — 13 — 55 — 0 - 19 
+18 — V7 10 16 17 — 10 7 


Collecting tubule. 
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RESULT OF EXAMINATION 


Twenty tubules of each type and twenty glomeruli were measured 
n each kidney of each animal. The consistency of the measurements 
llowed the assumption that such a number is sufficient to represent 
ccurately the true values of the structures. Table 1 gives the complete 
1easurements in a typical animal. 

The unit of measurement is an arbitrary one, the amount of space 
vered by one division of the micrometer used. This was not reduced 

microns, as there seemed to be no need for absolute values, our 
iterest being entirely in a comparison of the various structures. 
igure 1 illustrates the increase in size of the convoluted tubules and 
f the glomeruli in the kidney at the end of the experiment (8) as 
mpared to these structures in the normal kidney removed at the 
peration (4). The figures were prepared by photographing sections 
i the two organs with the same magnification. The outlines of the 


\BLE 3.—Cross Section Area of Tubules and Glomerulus of the Hypertrophied 
Kidney Expressed as Percentages of the Total Original Value of These 
Structures as They Existed in Both Kidneys Before the Operation (a 
value in the Table of 50 Per Cent. Indicates That There Was No 
Increase in the Cross Section Area of the Structure) 


Rabbit 
1 2 3 4 > 6 Average 
Veight of kidney... .. F ia 6 57 67 74 65 63 66 
onvoluted tubule............ 59 98 68 97 83 4 &S 
scending limb. ..... ” 71 5S | ow 61 59 
ollecting tubules....... wae 61 51 ww) MO 67 39 53 
IS cece wresnes me 63 63 aT 71 » 57 60 


tructures were then traced on the photographic print with india ink 
nd the details removed by bleaching with compound solution of iodin 
nd “hypo.” 

Table 2 is a summary of the findings in the six animals. The 
results are expressed as percentage increases or decreases in the dimen- 
ions of the structures of the hypertrophied kidney as compared to those 
n the kidney removed at operation. In Table 3 is given the cross 
ection area of the different structures for all the animals as calculated 
irom the actual measurements. The results are expressed here in a 
different way than in Table 2. The cross section area of the structure, 
as found in the hypertrophied kidney at the end of the experiment, is 
viven as the percentage of the total original cross section area of the 
structure concerned as it existed in the two kidneys of the animal 
before the nephrectomy. The advantage of this method of expression 
will be shown in the discussion of our results. 

The charts represent graphically a summary of the average findings 
in the whole group of animals. 
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Fig. 2.—Increases in the dimensions of the hypertrophied kidney as compared 


with the kidney removed at operation. The horizontal dotted lines represent 
the original values in the removed kidney: the uppermost, the original 
diameter of the tubule D; the middle one, the height of the epithelium of the 
tubule E; the lowest, the diameter of the lumen of the tubule d. The heavy 
vertical lines show the increase or decrease over these values that were found 
in the hypertrophied kidney at the end of the experiment 
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Fig. 3.—Relative replacement of the original cross-section area values of the 
different structures by the process of hypertrophy. The large rectangle repre- 
sents the total original cross-section area in the two kidneys before nephrectom) 
The shaded portion shows to what extent, expressed as a percentage, this value 
had been recovered by the growth of the structure. The dotted line shows the 
value (50 per cent.) that existed immediately after the removal of one half 
of the kidney substance in the form of one kidney. The shaded portion lying 
above the dotted line therefore represents the degree of hypertrophy of the 
structure concerned. 
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Figure 2 shows the diameter of the tubules and the height of their 
ining epithelium and is based on Table 1: The upper horizontal line 
represents the original diameter of the tubule D, the middle one, the 
riginal height of its epithelium E. The lower dotted line represents 
he original diameter of the lumen. The vertical lines show in the case 

each tubule the comparative value of the three dimensions in the 

pertrophied kidney. 

It will be observed that in the case of the convoluted tubule there 

a definite increase in the outside diameter of the tubule. The diameter 

the lumen is also more than twice its original size, yet in spite of this 
ilatation the lining epithelium is considerably thicker than the original 
ithelium. 

Entirely different relations are found in the other two portions of 

e tubule. In the ascending limb of Henle’s loop there is a definite 
nerease in the diameter of the tubule and a marked increase in the 
ameter of the lumen. The epithelium, however, is thinner than nor- 
il; in other words, the increase in the size of the tubule as a whole is 
great part due to a simple dilatation with a resulting stretching and 
inning of its wall. The same dilatation and thinning of the epithelium 
found in the collecting tubules but to a lesser degree. 

In Figure 3 average cross-section areas of the various tubules and 

the glomeruli are shown. The larger rectangle represents the area 

the cross-section of the structure before operation and includes both 
ilneys. The smaller contained rectangle shows to what degree this 
riginal cross-section area had been replaced by the process of hyper- 
rophy. This comparison assumes that there has been no increase in 
e number of renal units. We found no evidence of such an increase 
f either tubules or glomeruli, and this agrees with the findings of 
ther investigators who have used adult animals. 

It will be observed that the only part of the renal tubule showing a 
efinite hypertrophy is the convoluted portion. In the average animal 
this process had so increased the cross-section area that at the end of 
the experiment the single kidney contained within 18 per cent. of the 
ross-section area of the two kidneys before the operation. The condi- 
tion of the ascending limb of Henle’s loop and the collecting tubule is 
epresented by an increase to 59 and 53 per cent., respectively. This 
represents only a slight change from the 50 per cent. value, which 
btained immediately after the removal of half the kidney tissue at 
the operation. 

The glomerulus shows some increase in size, more than either the 
ascending limb or the collecting tubule, but considerably less than did 
the convoluted tubule. At the end of the experiment the cross-section 
area of glomerulus was 60 per cent. of the combined value which 
existed before the removal of one kidney. 
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Our findings therefore confirm the earlier conclusions of Lorenz 
and of Galeotti and Villa-Santa. There is a true hypertrophy of the 
convoluted tubules and of the glomerulus. The enlargement of the 
ascending limbs of Henle’s loop and of the collecting tubules is largely 
due to a dilatation. 

COMMENT 


The results of this morphologic study are of interest in relation to 
certain general problems of kidney function. Microchemical studies 
have led to the conception that in the case of urea at least two processes 
occur in its excretion, first a passage of it through the glomerular 
membrane and, of even greater importance, an excretion of it into the 
urine by the cells of the convoluted tubules. This theory is supported 
by the demonstration with xanthydrol of urea within Bowman’s space 
and in the protoplasm of the cells of the convoluted tubules (Oliver *). 
These experiments have since been repeatedly confirmed (Stubel,' 
Piras,’ Walter °). 

It has been shown further that the excretion of urea requires work 
on the part of the kidney. These two facts will account for the hyper- 
trophy which develops in the glomerulus and the convoluted portion 
of the renal tubule. The other portions of the renal unit would appear 
to play a passive role in the excretion of urea, or at least the processes 
that may occur there must be simpler physical ones that require little 
work on the part of their cells, as the excessive strain thrown on the 
single kidney produced no response in them such as is almost constantly 
observed when functioning tissues are hyperactive over long periods 
The results of the present study therefore lend further support to the 
dualistic conception of renal excretion by the glomerulus and by the 
convoluted tubules. 

Furthermore, the morphologic findings explain the discrepancy noted 
in the first part of this paper between the functional measurement of 
the amount of renal tissue after nephrectomy and the weight of the 
remaining kidney. Taylor, Drury, and Addis? have shown that in 
normal rabbits the measurement of function as expressed by the ratio 
G0 hour's bien 2S directly proportional to the amont of secreting 
tissue in the kidneys as expressed by their weight. As will be seen 
in Table 2 of the first section of this paper, though the ratios and 


weights in the present experiments do vary with each other and are in 


. Oliver, J.: J. Exper. Med. 33:177 (Feb.) 1921. 

. Stubel, H.: Anat. Anz. 54:236, 1921. 

. Piras, A.: Arch. d. fisiol. 20:237, 1922. 

. Walter, K.: Arch. f. d. ges. Physiol. 198:267, 1923. 

. Taylor, F. B.; Drury, D. R., and Addis, T.: Am. J. Physiol. 65:55 (June) 
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nuch closer agreement than is found when the function is expressed 
y any other means, nevertheless the average final ratio is larger (79 
er cent. of the original value before operation) than is the final 
verage weight (66 per cent.). 

In the light of our knowledge of the anatomic relations which exist 

the hypertrophied kidney, this discrepancy is obviously due to the 
ict that the weight of the hypertrophied kidney is not a true measure 
f the relative amount of functioning tissue in it. Accepting the theory 
reviously advanced that excretion of urea occurs only in the glomerulus 
nd convoluted tubule, it is evident that in the hypertrophied kidney, 
here there has occurred a selective increase in the amount of these 
wo structures without a corresponding increase in the other portions 
f the kidney, a given weight of kidney substance will contain a greater 
mount of secreting tissue than does a normal kidney. Hence, if the 
mount of tissue is measured by its function a higher result per unit 
f weight is obtained than in the normal organ. 

The cross-section area of the structure most actively concerned in 
<cretion, the convoluted tubule, probably represents more accurately 
e relative secretory capacity of the hypertrophied kidney than does 
e weight, which includes much that plays no part in the process. An 
verage taken of this value shows that according to the morphologic 
easurement, the hypertrophied kidney contained 82 per cent. of 
inctioning tissue as compared to the amount which existed before 
e nephrectomy. Measured functionally by means of the ratio 


a in one hour’s urine 


a in 100 c.c. of blood 
the original condition. As is shown in Table 2 of the first section of 


this paper, no such correlation is shown when the structural change in 
1e kidney is measured by any of the other methods of functional 








recovery had progressed « within 79 per cent. of 


\easurement. 
CONCLUSIONS 

1. Hypertrophy of the kidney remaining after a unilateral nephrec- 
tomy is most marked in the convoluted tubules. 

2. The weight of such a kidney cannot be used to compare the 
imount of secreting tissue it contains with that contained in a normal 
<idney, as the normal relations between the secreting portion (convoluted 
tubule) and the other parts is markedly altered. 

3. The relative amounts of secreting tissue in the normal and hyper- 
trophied kidney measured anatomically by means of the cross-section 
area of the convoluted tubule correlate closely with the functional 


measurement by means of the ratio “2 it one hour's urine. 
. - ss urea in 100 c.c. of blood. 
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Book Reviews 


THE MEDICAL DEPARTMENT OF THE UNITED STATES ARMY 
IN THE WORLD WAR. Pp. 1389. Published by the War Department 


This is the first of fifteen proposed volumes covering the activities of the 
Surgeon-General’s office during the World War. The purpose of this history 
is twofold: (1) a record of the accomplishments of the Medical Department 
from an administration standpoint, and (2) a presentation of the various 
diseases and injuries incident to the War. 

This volume is devoted to the administrative function of the Surgeon- 
General’s office 

The first chapter presents a very interesting review of the evolution oi 
the Medical Department in war, beginning with biblical times 

Che organization and duties of the various divisions in the Surgeon-General’s 
office is discussed in detail, one chapter being devoted to each of the twenty- 
six divisions 

The last 700 pages contain the War Department general orders, bulletins, 
circulars and special regulations. 

This volume does not contain much information that is of special interest 
to the physician in civil life, but it is a valuable historical document. 


FUNFZIG JAHRE NEUROLOGIE. By Zwet Vortrice von Pror. CoNSTANTIN 
von Monakow, Direktor des hirnanatomischen Instituts und der Nerven 
poliklinik der Universitat Zurich. Price, Francs 5.50. Pp. 100. Zurich, 
1924. 

The author of this booklet has completed fifty vears of intensive work in 
neuropathology and clinical neurology. Living in a small and centrally located 
country, Switzerland, he has kept in close touch with workers of all countries 
and avoided the narrowness sometimes present, even in scientists, in large 
countries. His account of the progress of the anatomy, physiology, and 
pathology of the brain as well as clinical neurology is therefore based on first 
hand information, authoritative and vivid. 





